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ABSTRACT

Augmentation of Electrical of Electrical Power Laboratory Students Learning Experience
Through Simulations Software Enhancements During COVID-19

(August 2020)

Anthony Duran Hill, B.S., Prairie View A&M University;

Chair of Advisory Committee: Dr. Penrose Cofie

The quest for experienced Electrical Power Engineers in today's workforce is
increasing as Supervision Control and Data Acquisition-Internet of Things (SCADA- IOT)
systems continue to be integrated into the power grid, thus making the grid smarter. The
overall electric power network is undergoing changes due to the industrial use of smart
machines incorporating power electronics devices and the deployment of renewable
energy resources such as photo-voltaic and wind power generators. The cha llenges that
have been generated as a result of this power grid modernization require universities and
technical education institutions to modify their power engineering curriculum to include
more of engineering students' hands-on practical laboratory experience.

Additionally, the onset of the COVID-19 pandemic at the beginning of the year 2020
has created the awareness of the importance of necessary changes in the way laboratory
classes are taught to improve student's learning experience as well as achieve the desired
learning objectives before the students graduate into the industry. Face-to-face laboratory

iii

courses need to be modified to satisfy mandated COVID 19 social distancing and other
requirements. While the quest for experienced Electrical Power Engineers in today's
workforce is increasing as Supervision Control and Data Acquisition-Internet of Things
(SCADA- IOT) systems continue to be integrated into the power grid. The grid smarter
recent COVID-19 based limitations imposed on face-to-face teaching is most likely to
adversely affect adequate delivery of laboratory instructions to engineering students. This
study focuses on an electrical power laboratory course conducted in the wake of the
COVID-19 pandemic using Electro-Mechanical System (EMS), where experiments with
simulations, practical modules implementation and Data Acquisition and Control Interface
(DACI) method are utilized to enhance the Laboratory experience. Electromechanical
Systems Simulation Software, a web-browser based application, is used in the EMS
simulations.

The study examines the effectiveness of the simulations method together with
remote practical demonstrations of power laboratory experiments. Every experiment
conducted remotely to familiarize students with the operation of the power industry is
accompanied by students' computer simulations. The laboratory reports submitted by
students are used to assess the result of the remote course delivery which is found to be
satisfactory and more engaging to students than the traditional face-to-face teaching
method.
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CHAPTER 1

INTRODUCTION
1.0 Overview
Technical universities need to assess the extent to which they should modify the
existing laboratory course curriculum to meet the skills that electrical power students
should acquire before transitioning into the power work-force. Therefore, this introductory
chapter briefly examines the structure of the modern electric power grid and its associated
equipment that power graduates are most likely to encounter.

The electric network is complex. The system can transmit generated power from utility
plants and renewable energy-producing facilities such as solar and wind farms and transmit
the power through long distance transmission lines to consumers . The power network is
comprised of four significant components: generation, transmission, distribution and
customer end-users, as shown in Figure 1.0.

1.1 Generation
A number of utility facilities produce power using coal and natural gas as a source of
energy, hydro-nuclear, wind turbines, and photo-voltaic power plants [1]. The utility
generating plants are usually located very far from consumers. The generating
equipment is also different; and as a result, it is operated differently on the power
network.

This thesis follows the manual style of the IEEE Power Engineering Journal.
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For instance, nuclear and coal power plants are used as base power generators
to supply base power demands. Gas generators can be brought on-line very quickly, and
are therefore used to supply peak load demand.
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Figure 1.0. Electrical power system transmission

Because of the variability of the energy sources, wind and photo-voltaic power
generators have specific applications, and some of their excess power is stored whenever
their renewable energy sources, wind and sunlight, are available.

At any given time in the electrical power generation process, a standby excess
generating capacity exists to compensate for sudden changes in power demand. Power
supply, demand, and excess generation reserve are continuously monitored by network
technicians to make sure that the power grid is up and running efficiently. The utility plants
are owned and operated by power utility companies. Each system is governed by the Public
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Utility Commission (PUC) or the Public Service Commission (PSC). The two state governing
bodies, PUC and PSC, set the power rates that the utilities must abide by within the states
[2] . Programmable Logic Controller (PLC), uses three-phase voltage as a power supply and
to control AC-rated inputs or outputs.

The PLCs send a single-phase power to magnetic motor starters, electric motor drives,
lighting contactors, or heating contactors that control three-phase power to three-phase
loads as shown in Figure 1.0.1.

Figure 1.01. PLC Motor control system

The single-phase AC voltage can also be used to control a three-phase motor starter. The
power from the output of a PLC can be used to control a relay or heating contactor that
controls a three-phase heater. These phases are not used directly by the PLCs.

1.2 Transmission
The transmission lines transmit power at high-voltages from the generations' utility
over long distances to the consumers. There are two type of lines: underground
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transmission lines and overhead power lines. Overhead lines are bare, less expensive and
are susceptible to the weather conditions, but underground cables are shielded and
expensive. Overhead and underground power lines are manufactured using aluminum
alloy with steel reinforcements [3]. As electricity flows through the lines, some of it is lost
in the lines resistance as heat. Transmission lines carry high voltages because high voltages
result in a reduction of the power losses.[4]. Transmission-level voltages are usually greater
than 110 kV while power generators have voltage ratings of 10-15 kV [5].
Generators are connected to step-up transformers to step up the generated voltages.
The stepped up voltages are transmitted along the transmission lines; and once the
electricity gets close to the consumer, additional transformer units transform the voltages
back to the required values before they are used.
Several transmission lines are connected to create redundancy and increase reliability,
as indicated in Figure 1.1.
Win d Reao. .,c •• and Tr11nsmisslon Line•

Figure 1.1. Wind resources and transmission line
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Currently, there are three central transmission network dist ribution systems in the
United States: the Western Sub-network, the Eastern Sub-network, and the Electric
Reliability Council of Texas {ERCOT). PUCs or PSCs approves generators and authorities, the
smart grid is currently regulated by the Federal Energy Regulatory power lines installations.
Through the wholesale electricity market. Is controlled by regional commission (FERC) [6].
FERC controls the power network on a bigger scale than the PUCs and can iron out
differences among companies in the power market.
1.3 The Distribution Network Systems
This distribution network connects transmissions lines where they terminate. The
network starts at the transformers and end up in local neighborhoods, and public/ private
educational institutions [7].

1.4 Consumers
The t ransmission network finally gets to the consumers, allowing the lights, televisions,
or dishwashers to be ready for use.

1.5 Objectives
Recently, utility companies are seeking versatile power educated engineering
graduates with a background in all the areas of the grid previous stated. While companies
are desperately seeking competent power educated graduates who are proficient in the
use of simulation software as well as skills in hands-on practical modules to solve world
problems, recent COVID-19 based limitations imposed on face-face teaching have
adversely affected adequate delivery of laboratory instruction to engineering students.
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Therefore, steps must be taken to quickly and appropriately modify the manner of teaching
face-to-face and remote laboratory courses. [8J

This thesis covers an electrical power lab course that was conducted in the spring of
2020, in the wake of COVID-19 pandemic, at Prairie View A& M College of Engineering,
using Electro-Mechanical System (EMS) equipment, where experiments with simulations,
practical modules implementation, and Data Acquisition and Control Interface (DACI}
methods were utilized to enhance the Power Laboratory course experience. Also, LVSIMEMS, Figure 1.2, a web-browser based application, was used in the EMS simulations.

The project examines the effectiveness of the simulations and remote practical
demonstrations of power laboratory experiments during the COVID-19 pandemic. Every
experiment conducted remotely to familiarize students with the operation of the power
industry, was accompanied by remote computer simu lations. In addition, the study details
the use of simulations and practical laboratory experiments tools/modules, to educate
students on relevant power engineering issues in the field, as shown in Figure 1.3. The
general observation was that the simulation results of the various "lab experiments were
not as accurate as their practical implemented counterparts. The study is divided into five
chapters. Chapter 1 contains introductory material addressing the general structure of the
power grid, why this research is necessary, and the objectives. Chapter 2 is the literature
review expounding on the structure of the grid. Chapter 3 outlines the methods used in
augmenting the laboratory course delivery. Chapter 4 contains the laboratory course
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■
Figure 1.2: Training system AC power and motor drive

content. Finally, Chapter 5 presents the results, conclusion, and suggestions for future

work.

Figure 1.3. Instrumentation & Data acquisition system
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CHAPTER 2

LITERATURE REVIEW
2.0 The Electric Power Grid
The electric power grid has undergone changes immensely since it was first installed
in the 1880s. After the 1880's, two types of power systems were adopted: the DC system
and the AC, system [7, 8].

Thomas Edison promoted DC electricity, while Westinghouse and Tesla promoted AC
electricity [9]. The AC system enabled power to be transmitted long distances from the
generation to the distribution stations and then to the homes.

As a result of the 1970s Energy Crisis [10), the United States Legislators reformed the
power network for wholesale competition. Any utility company producing efficient power
and utilizing renewable energy sources can participate in the electric market. Concurrently,
power transmission operators, Independent System Operators {ISOs), and Regional
Transmission Organizations {RTOs} continued a monopoly process over managing the
power network. The restructured grid enabled several states to have control of the power
grid [11]. In other states the same company manages all aspects of the electricity grid.

2.1 Effective power-grid distribution. The power network has several desirable
qualities [12]. These include:
a.

Reliability: The grid is a vast network; electricity can be distributed over large

areas of the nation. The extensive power system can accommodate losses along the lines.
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b. Flexibility: The power network uses a variety of resources, even if it is long distance
from the facility. For example, a wind turbines generating system can conveniently be
installed in areas where the wind is dominant, which will also allow the grid to transmit this
electricity to faraway communities, towns, and businesses.
c.

Economic competition: The Power network allows generating utilities to provide

electricity at the lowest cost. Network restructuring supports protection for competition
among utilities on the power network against variations in operating and fuel costs.

2.1.1 SCADA. The SCADA software allows all measurements and states of the
measuring instruments in the system to be revealed in real-time. It collects information
through the Remote Terminal Unit and transmits it back to the central location. The
control actions are then relayed back to the process. SCADA also symbolizes real-time
monitoring, control, and data acquisition for technical operations. This type of system is
used in the electrical power engineering industry for the generation, transmission,
protective methods, and consumption of energy. The software can trace and enter data
in various types of processes. Measurements are displayed on the screen in real-time and
control signals can be modified during the process. The system is also capable of
controlling a process automatically and remotely. [13]

The fact that multiple measurements can be recorded makes it possible to plan for
the future and for the sake of efficiencies. Internet-of-Things (loT) is an extensive network
of connected devices, all of which collect and share data. It expresses how they are used
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and the environments in which they are operated. SCADA ensures that operators and
others know the state of the equipment at all times. SCADA also ensures that operators
become aware of the context of the data to make informed and safe decisions to be able
to control the equipment 100% of the time. With the influence of loT and Cloud
technology, the concept of SCADA, data management, and how people operate and
manage assets are drastically changing. Approximately ten years from now, there is a
possibility that SCADA will not be recognized anymore; however, gathering data and
controlling equipment will continue. Industrial automation has historically lagged
technology innovation due to large corporations chasing after extra profits. loT is being
designed to change the operation of the SCADA. The basic SCADA interface is shown in
Figure 2.1.0.

PLC

Figure 2.1.0. Basic SCADA interface

loT protocols are changing how people think of SCADA as the "bottleneck" in the data
flow. loT concepts and tools are compelling and are influencing what SCADA is.

11

2.2 New Opportunities for Devices on the Power-grid
There is a growing demand for reliable sources of electricity throughout the world.
As the power grid continues to improve, new devices that will be needed for its
modification. For instance, power storage facilities will store electricity for future use,
when demand increases. Innovative smart meters can gather energy data fast so quick
management decisions can be made.

The solar power generator for houses will decrease the energy transport distance and
therefore will increase productivity and savings. For example, a customer purchases
energy-resourceful appliances, creating more energy-efficient infrastructures facilities, or
installing solar farms and systems so that the customers can save money. The choices
that people make today about energy affect their ability to combat climate change. The
United States power industry is experiencing increase in low cost, clean, renewable
sources of electricity. Meanwhile, sources like coal are becoming obsolete. While the
existing nuclear power stations are being phased out, new natural gas utilities are being
created. In jeopardy is the future of earth because the power sector is a major source of
pollution that can worsen climate change. Utilities are over building infrastructure, such
as natural gas without consulting affected communities. To decrease the carbon dioxide
as a result of power generation, it is necessary to modernize the power network.

2.3 Solar Power
Solar power can supply the world's energy. In the United States, approximately
2,000,000 homes have solar electricity already installed. The utilities in the United States
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are investing in solar energy [14]. A stand -alone solar power system is shown in Figure
2.3.0.

-·--

Figure 2.3.0. Stand-alone solar power system and grid tied configuration

As indicated in Figure 2.3.1 and Figure 2.3.2, oncloudy days, the sun light is converted

by the solar panels into DC electricity. The inverter converts DC to AC which supplies power
to the home. The system will automatically use the energy generated by the solar system
and then switch back to the local power. Energy that is not used is exported back to the
power grid for other uses, as shown in Figure 2.3.1. Energy Information Administration
(EIA), reported in 2017 that the average annual power consumption for a United States
home customer was 10.4 kW (14].
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2.3.1 Kitchen energy use. A typical kitchen electrical load includes a refrigerator (400
w), dishwasher (1500 W), microwave (1723 W), coffee maker (1400 W) and oven or stove
(2150 W) [14].

.

I

Figure 2.3.1. Grid-tied solar power system

2.3.2 Living room energy use. In most homes, the living room power equipment
ratings include: Laptop (100 W), Flat-screen TV (115 W), depending upon the model and
size.
2.3.3 Laundry area. The washers and dryers use a lot of energy per year. The clothes
dryer (4000 W) is considered one of the highest energy consumptions in the home and
after that is the Heating-Ventilation-Air Conditioning system and water heater.

2.3.4 Air conditioning energy. Keeping most home's interiors at a comfortable
temperature pulls a lot of energy. The HVAC system uses the most energy than any other
device or appliance in the house.
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Power rating results for Central Heating Electric are (340.00 W), Portable Electric Fan
Heater (3000 W), and Central Air Conditioner (4000 W) [14].

Figure 2.3.2. Grid connect solar system

2.4 Energy storage

The United States is behind in energy storage technology compared to countries like
China, Germany, and Australia. Energy storage is an important part of sustainable
electricity generation. The following are available forms of energy storage: older storage
facilities that use pumped water, and newer systems use lithium-ion batteries. It enables
storage of clean energy when it is economical and is then fed into the power grid when
needed. In the United States, a storage operation is still rare. As the mix of modern
generating plants changes storage will become critical [15] .

2.5 Wind Power
Wind is one of the cleanest energy sources. Wind turbines harness wind and convert it
to electricity, as shown in Figure 2.5.0 [16]. As shown in Figure 2.5.1, the wind generator
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for homes is a renewable energy concept; this is a simplified diagram of an off-grid, wind
turbine power generator and has, battery, charge controller and inverter.

2.6 Additional technologies for Renewable Energy
Renewable energy is not restricted to wind and sun power. Geothermal power plants

also collect heat energy from the earth to produce steam.

WIND TURBINE

AC APPLIANCES

BATTERY

Figure 2.5.0. Stand-alone wind generator
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Figure 2.5.1. Grid-tied wind power generator system

The Hydropower plants use water to operate turbines. Bio-energy plants use biomass to
generate power. Therefore, it is necessary to generate electrical power in sustainable
manner. As shown in Figure 2.6.

Figure 2.6. Coal mind system
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CHAPTER 3

METHODOLOGY

3.0 Prelab Electro-Mechanical System (EMS) Simulations and Practical Modules
The electrical power laboratory course in the College of Engineering at Prairie View
A&M University is a semester elective course taught to senior undergraduate students
planning to have a career in the electrical power industry after graduation. Topics covered
in the course include hands-on practical skills related to the electrical power industry. Until
the onset of the COVID-19 pandemic, the course has been taught face-to-face in a
traditional manner where students read and follow a lab procedure accompanied by
connection diagrams. The lab setup supports a procedure hand-out distributed to the
students a week earlier to enable them to review the background theory covered in
another class. The instructor and a graduate teaching assistant conduct the course delivery
to five groups of three students per group.

Following the COViD-19 pandemic, when restrictions were mandatorily imposed, and
all university courses were offered online or remotely, the traditional method of teaching
the power class was modified. A pre-laboratory exercise was introduced, followed by a
web-assisted simulation class with a lab demonstration conducted remotely by the
teaching assistant. The following subsections of this chapter highlight the details of the
methods.

18

3.1 Pre and Post Laboratory Exercises
A laboratory hand-out is distributed to students by e-mail weekly ahead of the specific
lab class. Students are required to read the hand-out and review the theoretical
background associated with the lab before the class. Where appropriate, students are
referred to You-tube videos related to the video, which they have to watch as part of the
pre-laboratory exercise requirements. As a post-Laboratory exercise, each student is
expected to write a report. The guidelines for writing the reports are presented at the
beginning of the semester.

3.2 LVIM-EMS Software Simulations
The LVIM-EMS simulation software from the Lab-Volt website is used in the lab
simulations. The simulations method is presented in a unique modular concept and places
particular emphasis upon electrical demonstrations performed by the students [17].

The LVSIM-EMS software covers Ohm's Law, DC AC circuit's motors and generators,
and their speed control and voltage regulation, transformers connections, and power
instrumentation. Each simulated Laboratory Experiment is concluded by a set of related
assigned questions and problems to be completed by the students.

A valuable aspect of the lab, including the simulations, is that it uses little mathematics,
placing more emphasis upon a physical understanding of the theories involved. The
absence of advanced mathematics, however, does not impair the technical rigor of the
simulations. The approach is experimental and direct. It offers sufficient flexibility to
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accommodate any topics in the undergraduate Power Technology course and ElectroMechanical Systems as in a face-to-face lab session or remotely during a pandemic. [18)

The LVSIM_EMS simulation software has a built-in Data Acquisition and Control
Interface (DACI) module engineered for precise, consistent, reliable data acquisition. The
software is ideal for use in simulating life science classroom experiments. The LVSIM-EMS
software engages students in hands-on learning. A simulation example is shown in Figure
3.2.0 [17].

Figure 3.2.0. LVSIM-EMS Lab simulation example

Once data is collected, it can be recorded in a data table, and graphical plots obtained, as
shown in Figure 3.2.1. The software allows the students to govern the EMS modules
connections that are required by the schematic drawing in the lab manual. The students
can evaluate if the circuit is operating correctly and then save the design for future
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modifications. The EMS simulations software preparations allow each student to spend
more time building and understanding the lab experiment, which will result in the need for
less physical module equipment. All the modules contain in the LVSIM-EMS software
package are equipped with the same features as the actual practical modules. The LVSIM EMS virtual hands-on approach has been implemented in most universities due to the
COVID-19 pandemic.

i lvs1m.labvolt.co
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Figure 3.2.1. Graphical plot example

LVSIM-EMS models imitate the practical characteristics of the lab modules. Any circuits
that have short circuit connections or disconnection of cables with the power turned on in
the virtual equipment setup cause a virtual warning. The built-i n safety circuit-breaker
protection feature will trip. The LVSIM-EMS software allows students to perform lab
experiments similar to the practical setup in the lab. The software is a web-browserbased
application. LVSIM -EMS virtual equipment allows students to acquire hands-on
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experiences. It also allows students to validate their connections through graphs using an
oscilloscope to display sinusoidal waves, as shown in Figure 3.2.2 [17].

Students can prepare for the power laboratory classes in advance using virtual modules
and meters, thereby decreasing the time required to perform the experiments using actual
equipment once the COVID-19 crisis is over. The software also allows users to practice with
EMS modules and connections from a remote location, as shown in Figure 3.2.3.

Figure 3.2.2. Oscilloscope results

3.2.1 Overview of LVSIM-EMS software. The LVSIM-EMS software is designed to
simulate the electromechanical training system. The modules are connected with cables
to implement network schematics. A web page URL provided to students enables them to
access the software remotely [17]. The EMS modules are similar to the laboratory
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workstation and modules in the practical lab. DAI or DACI instruments can be implemented
with the lab experiments if provided by the lab instructor.

3.2.2 LVSIM-EMS toolbar. The icons on the left side of the panel are used to perform
different types of commands as shown in Figure 3.2.4. The software is equipped with Undo
and Redo features. The arrows are in two different directions, which allow the circuit to be
modified during the project.
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Figure 3.2.4. Toolbar legend

3.2.3 Moving a module in the workstation. A module can be relocated, when the
student drags and drops the module to its desired location. When moving a module, click
on the selected module. Select the component as shown in Figure 3.2.5. All the cables
connected to the module will remain connected, but it is not safe to move with the timing
belt connected to the module.
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Figure 3.2.5. Menu bar

3.2.4 Lowering the front panels of a module. A student can lower the front panel, by
placing the cursor on the module, and use the right-click button on the mouse, and select
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the Lower Front Panel. Always raise the protected panel before proceeding to the next
step, as shown in Figure 3.2.6[19] .

L.....J

.....

Figure 3.2.6. Lowering and raising the modules

3.2.5 Raising the panels of a module. A student can raise the front panel, by placing
the mouse arrow on the chosen module and right-click using the mouse then left-click
and select Raise Front Panel listed in the menu items.

3.2.6 Deleting a Module. To remove a Module, place the mouse arrow on the
selected module, and right-click to display the menu, and then select the Delete Module.
See Figure 3.2. 7.

Figure 3.2 .7. The Delete command

3.2.7 Installing the timing belt. Students can install the timing belt by lowering the
panel as shown in Figure 3.2.8 and by following these steps:
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1. Move the mouse arrow on the pulley, using the mouse, left click on a module to
install the timing belt, the timing belt should be installed.
t.:.J

•

I.I •

CD

W

Figure 3.2 .8. Lowering front pane
2. Move the mouse on the pulley to the next device, using the mouse, click the
left button, and click to install the timing belt on the pulley. The belt is installed on the
two modules, as shown in Figure 3.2.9.

To remove the belt, right-click to display the menu, and then select the Remove Belt
command. To make a cable connection, follow these steps:
1. Move the mouse arrow on a module terminal and left click. The connection will
appear on the designated port terminal.

2. Use the mouse arrow/cursor to hold the opposite end of the wire. Drag and
drop the chosen terminal. Push the Escape (ESC) key on the computer keyboard to
cancel all steps.

Figure 3.2.9. Installing and removing a timing belt
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3.2.8 Making an electrical connection with modules. To make a cable connection,
follow these steps:

1. Move the mouse arrow on the selected port terminal and press the left button.
This will connect one of the wires to the selected terminal as shown in Figure 3.2.10 and

Figure 3.2.11
2. Drag and drop the end of the wire to the selected unit terminal and press the
Escape (ESC} key to undo all steps.

3.2.9 Modifying the Wire Shape of an Electrical Connection
A student can change the size of a cable connection by moving the mouse arrow
on the cable and hold down the left mouse button. This will change the selected wire
shape. Alter a connection, place the cursor at either end of the cable, press and hold on
the left button on the mouse, then drag and insert the cable to the preferred terminal port.
Any left click will enable another cable to appear, as shown in Figure 3.2.11 [20].

Figure 3.2.10. Power supply wiring connections
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Figure 3.2.11. Straightening wiring connections

3.2.10 Removing an Electrical Connection. To delete a cable, move the mouse arrow
on the cable, right-click on using the mouse to display the menu, then use the mouse to a
left-click to select the Delete. To remove the cables, select the command in the Tools menu
of the software. Delete all cables from the workstation, before removing the modules;
select the command in the Tools menu of the software.

3.2.11 How to change the cable colors. To change the color of an electrical cable, move
the mouse arrow on the chosen cable, press on the right button on the mouse to show the
menu, select the Change Color item, and then select the anticipated wire color. A student
can make new electrical connections, configure or select a color scheme. To change this
default color, select the command to change the wires' color option in the toolbar. For
example, red is for power and green is for neutral and etc. [21]

3.2.12 How to modify the control Dial configuration. A student can change a control
dial setting by placing the mouse cursor on the control knob, press the left button of the
mouse, hold the left button, and then drag the pointer or selector to desired position.
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3.2.13 How to use the Instrumentation of Metering Settings. When a student double
clicks on this command, a dialog box opens the Layout. The layout window allows a student
to change each meter. This process is for the preparation of the meters located in the
Metering window, as shown in Figure 3.2.12. The metering dialog box displays a complete
set of meters. It contains 18 meters that can be set up to measure the following
parameters: voltage, current, power, and much more. The results can be gathered and

plotted. All graphs and meter's results can be sent to the printer for lab reports and

demonstrations. [22]
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Figure 3.2.12. Metering
3.2.14 View Menu commands layout. When a student double clicks on this command,
a dialog box opens the Layout. The layout window allows a student to select and change
each meter parameters. The windows settings, as shown, allow the parameters of the
window to be changed. The single meter updates can be performed by the fresh button.
When the settings are in place, and the student clicks on apply and all setting should be
justified, as indicated in Figure 3.2.13.
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3.2.15 Creating Lab Experiments in the Workstation
The LVSIM_EMS simulations software was used to create Figure 3.2.14. To create
an example module from Figure 3.2.14, follow the steps below:

1. Open a browser and insert the following URL:https:ijlvsim.labvolt.com/
2. Click on File and select New as shown in Figure 3.2.15
3.

Install a module in the Workstation by moving your mouse to the left side of
the toolbox.
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vj

CANCEL

APPLY

30

0 - 500
mAdc

+
SHUNT

o- 200

0-120 Vdc

FIELD

Vdc
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Figure 3.2.15. New experiment

4. Select the module needed, press the left mouse button
5.

Move the module from the Equipment List to the location in the Workstation,
as shown in Figure 3.2.16.

6. View workstation Module displayed in the first module as shown in Figure
3.2.16

Figure 3.2.16. New workstation example
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7.

Duplicate steps 1 through 5 until the circuit is completed. Click on the yellow
and red meters as shown in Figure 3.2.17

8. Hold down the left mouse button to modify the placement of each meter as
shown in Figure 3.2.18

Figure 3.2.17. Meters

9. Hold down the left mouse button to modify the placement of each meter as
shown in Figure 3.2.18

Figure 3.2.18. Meter placement

10. Insert a new module if desired
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11. Click on terminal 7 to connect the power supply to the meter Ampere {A) port,
as shown in Figure 3.2.19

Figure 3.2.19. Wire connections to a module

12. Connect the Port 5 terminal of the DC Motor EMS 8211 to the COM port of the
meter as shown in Figure 3.2.20

Figure 3.2.20. Wiring module to meter connections
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13. Move cursor over the wire, right-click to change the color as shown in Figure
3.2.21

Figure 3.2.21. Connecting the circuit and changing wire colors

14. Move the cursor to the red meter VO port, left-click, and connect a wire

from there to the Terminal 5 Shunt Field of the DC Motor EMS 8211

15. Connect the N port to Terminal 6 of the shunt field to measure the voltage
16. Move the cursor over the COM port of the red meter and left click to connect
the terminal port 6 of the shunt field of the DC/ Generator, as shown in Figure
3.2.22
16. Move the cursor over the Terminal 5 of the shunt field, left click
17. Connect the wire to Terminal 7 of the Power supply
18. Mover cursor over the Terminal 6 of the shunt field, left click
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Figure 3.2.22. Constructing the circuit

Note: Meter to meter connection is not allowed. Take heed to all the warnings from the
simulation software.
19. Connect the wire to Neutral (N) of the power supply as shown in Figure 3.2.21
20. Set the yellow meter to measure current by moving the cursor over the turn
dial of the meter
21. Left-click on the turn dial and move the switch to A as shown in Figure 3.2.23
22. Set the red meter to measure voltages by moving the cursor over the turn dial
of the meter
23. Left-click on the turn dial and move the switch to Vas shown in Figure 3.2.23
24.

Allow the instructor to review the constructed circuit before powering on

the workstation. Adjust the Field Rheostat to its minimum resistance
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25. Switch on the power, turn the de voltage gradually until meter reads 0.300 A

Figure 3.2.23. Meter settings
3.2.16 Creating a Workstation DACI. Open the LVSIM-EMS simulations software to
create Figure 3.2.24.

0 · 120 Vdc
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+

SHUNT
FIELD

Figure 3.2.24. First circuit

To create an example module from Figure 3.2.22, follow the steps below:

26. Open a browser and insert the following URL: https://!vsim.labvolt.com/
27. Click on File and select New as shown in Figure 3.2.25
28. Install a module in the Workstation, by moving your mouse to the left side to
the toolbox
29. Select the module needed, press down the left mouse button
30. Move the unit to the desired location as shown in Figure 3.2.26
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Figure 3.2.25. DACI

31. Duplicate steps 1 through 5 until the circuit is completed as in Figure 3.2.24
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Figure 3.2 .26. New workstation example
Go to the Equipment list located on the left side.

34. Select the DACI EMS 9063, as shown in Figure 3.2.27
35. Zoom in if needed using the zoom tool, as shown in Figure 3.2.28
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Figure 3.2.27. Data acquisition and control interface

+
Figure 3.2.28. Zoom tool

36. Place the DC motor generator and power supply into the workstation slots as
shown in Figure 3.2.26
37. Check to make sure the Power supply is off
38. Click on terminal 7 to connect the power supply to the meter Current labeled {11}
to measure the current, as shown in Figure 3.2.26
39. Connect the Com gray port of 11 in the Current Legend to El Positive red

in the Voltages Legend as shown in Figure 3.2.26

40. Connect the COM gray port of Elin the Voltages Legend to terminal 6 of the Shunt
Field of the DC Motor/ Generator as shown in Figure 3.2.26
41. Connect the Neutral (N) Terminal from the Power supply to El COM port
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Terminal 6 of the Shunt Field of the DC Motor/ Generator
42. Connect Terminal 5 of the DC Motor/ Generator to the Positive terminal of El
under the Voltages Legend as shown in Figure 3.2.29 and 3.2.30

Figure 3.2.29. EMS DACI placement
43. Move the cursor to the 24v 3A legend and left-click on the fixed voltage, low
power ac output terminal
44. Connect the output terminal to the Power input of the DACI in the Power Input
45. Adjust the Field Rheostat to its minimum resistance, as shown on Figure 3.2.31
46. Move the cursor over Switch in the 24v 3A legend, left click
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Figure 3.2.30. Wire connections

Figure 3.2.31. Rheostat Knob
47. The DACI interface should show a green light, as shown in Figure 3.2.32
48. Mover cursor over the Terminal 6 of the shunt field, left click
49. Connect the power supply neutral as in Figure 3.2.33
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Figure 3.2.32. DACI Meter connections
50. Allow the instructor to review the constructed circuit before powering on the
workstation

Figure 3.2.33. Power Supply connection

51. Click on the Metering icon located in the toolbar as shown in Figure 3.2.34
52. Review the inputs and output fields as shown in Figure 3.2.35
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Figure 3.2.34. Metering icon

53. Change the 11 setting so that it can read mAdc readings
54. Review the inputs and output fields as shown in Figure 3.2.35
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Figure 3.2.35. Metering fields
55. Change the 11 setting so that it can read mAdc readings
56. Click the AC icon in the M7 field until DC appears, as shown in Figure 3.2.36

Figure 3.2.36. Metering field settings
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57. Turn on the power by clicking the switch labeled power, as shown in Figure 3.2.37

58. Slowly increase the de voltage until the Shunt current winding carrying 0.300 A of
current is displayed on the M7. Figure 3.2.38 shows the metering results

Figure 3.2.37. Turn on the power

Figure 3.2.38. Metering results
59. Left-click on the turn dial on the Power supply to hold down the left button,
slowly; turn up the voltage, as shown in Figure 3.2.39
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Figure 3.2.39. Switch and knob control

60. To change wiring color, move the cursor over the wire, right click to change the
color as shown in Figure 3.2.40

Figure 3.2.40. Changing wire color
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3.3 EMS - Practical Lab Modules

Figure 3.3. EMS-lab modules

Electricity is recognized as being one of the most flexible and versatile forms of
energy available. The Lab-Volt Electro-Mechanical System (EMS) method of presentation
is unique. This method applies emphasis upon electrical and power demonstrations
through modules used by students in a lab environment. Th is study will also cover the side
of the practical module, as shown in Figure 3.3.0 that is currently not available for students
due to the COVID-19 crisis. The method will be used as a model, using virtual remote
software, after or before the simulation has been completed by the students. Once the
COVID-19 is over, the students will perform the simulations and then build the lab. Each
method data will be compared for accuracy.

3.3.0

Demonstration of practical modules. The following modules are used in TA's

practical demonstrations and also in student's laboratory set up.
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3.3.1 The Power supply module. The EMS 8821 offers all of the required ac/dc power.
The module is equipped with fixed, variable, single-phase and three-phase voltages, to
perform all of the Laboratory Experiments presented in this study. The module must
connect to a three-phase, 120/208 volt, and four-wire with a fifth wire ground system. The
power is transported through a five-prong twisted lock connector located at the rear of
the module. An input power cable with a mating connector is provided for this purpose, as
shown in Figure 3.3.0. The module furnishes the following output parameters, as shown in
Table 3.3.0:

1.

Fixed 120 Voe: Oscilloscopes and TVM can be connected to this port, current

Rated at 15A.
2.

Fixed 120/208 volts, 34> power is brought out to four terminals. The ports

are labeled as 1, 2, 4, or 1, and 3. Fixed 120 volts ac may be obtained at any one of the 1, 2,

3 terminals and the N terminal. The current rating is 15A per phase.
3.

Variable 120/208, 34> power is brought out to four terminals labeled 4, 5, 6,

and N. Variable3<t> 0-208 volts may be obtained from terminals 4, 5, and 6. Variable 0-208
volts ac may be obtained between terminals 4 and 5, 5 and 6, or 4 and 6. Variabl3 0-120 ac

may be obtained between anyone if 4, 5, or 6 terminals and the N terminal. The current
rating of this module is SA per phase.
4.

Fixed 120 Vdc is brought out to terminal label 8 and N. The current rating of

this module is 8A [20]
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5.

Variable 0-120 Vdc is brought out to terminals labeled 7 and N. The current

rating of this module is BA.
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Figure 3.3.0. Power supply EMS, 8821

3.3.2 Resistive load. The Resistive Load, Model 8311 in Figure 3.3.1, consists of a halfsize module equipped with nine wire-wound power resistors arranged in 3 identical
groups. Each group has seven increments. When all three groups are connected in paral lel ,
the single-phase load has 21 increments.
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RESIST! E l ~

Figure 3.3.1. Resistive load

Each resistor is within 5% tolerance of the stated resistance value. The Resistive Load
may be implemented with both ac and de voltages. The manufacturer's ratings are
shown in Table 3.3.1.

TABLE 3.3.1. Resistive load
Resistive Load, Model 8311

Number
Resistance (branch)
Nominal Voltage
Accuract.
~~a=...:::
Switches _ _ Number_ibranch
Load al Nominal Voltage (branch)
Power
Current
Number of Increments
Current Increment

120f208 V-60 Hz

J

I

22o,Jiiiv- 50 Hz

240"15 V-50 Hz

3 branches of 3 resistors

ResistOfS

300J600/1200 0
120 V ac/dc

1100/2200/4400 Q
220 V ac/dc
5%

T 1200/2400/4800 0
f 240 V ac/dc

3 (each connected in series with a resistor)
_l
11-77 W
_
12~ W
0.1-0.7 A
]
0.05-0.35 A
12-84 W

7

0.1 A

0.05A

Resistive load terminals connect the three branches of the Resistive Load module. Load
switches, when turned on {I position), add the given resistance values in parallel between
two resistive load terminals. The current values on the faceplate are those when nominal
voltage is applied to the given resistance terminals. They are helpful in determining the
equivalent admittance. The Resistive Load, Model 8311, may become hot inside.
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TABLE 3.3.0. Power supply legend
1.
2.

Earth (Ground) terminal - Banana jack ls connected to the earthling grounding prong of
the main power cord of the Power Supply.
i=lxed voltage, low power ac output terminal. The jack provides 24-vac power.

3.

Indicators- These lamps Indicate the relative voltage levels between their two terminals

4.

Re.s et buttons - These buttons enable the resetting of their phase circuit breaker.

5.

AC/DC Voltmeter dial ~This dial displays the voltage between the selected terminals

6.

AC/DC Voltmeter selection knob - This knob changes the terminal voltage displayed by
the voltmeter
Main Power indicator- These pilot lamps light up when t he main power is applied to the
Power supply. There one lamp per phase.
Voltage control knob - This knob controls the percentage of the nominal voltage applied
at the ac and de variable output terminals.
Variable-voltage de output (terminals 7 and N on the front panel) - these banana jacks
provide a de voltage controlled manually with the voltage control knob.
Fixed variable de output (terminals 8 and n on the front panel) these banana jacks provide
a fixed de voltaRe.
Variable voltage three phases four-wire output terminals 4, 5, 6, and Non the front panel.
Theses banana jacks provide an ac voltage-controlled manually with the voltage control
knob.
Fixed voltage three phase four wire output terminals 1, 2, 3, and Non the front panel.
Theses banana iacks orovide a fixed, three-ohase ac voltaize.
Common reset button - This button Is designed to reset the output circuit breakers for
terminals labeled from 4 to 8.

7.

8.
9.
10.
11.

12.
13.

Therefore, to preve nt burn s, it is recommended to let it cool down befo re re moving
it from the workstation. Moreover, t his module should be placed at the high est posit ion in
the workstation for better heat dissipation .

TABLE 3.3.1. Resistive load
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3.3.3 Capacitive load modules. The Capacitive Load, Model 8331 in Figure 3.3 .2,
consists of a half-size module equipped with 9 oil filled capacitors arranged in three
identical groups. Each group has seven increments. When all three groups are connected
in parallel, the single-phase load has 21 increments. Each capacitor bank is configured
within at least 5% tolerance of the stated capacitance value per module the module can
be used with both ac and de voltages . Capacitive load is connected to the three sections of
the capacitive module. This is the same as the resistor load switches, when turned on (I
position), add the given impedance values (in parallel) between two capacitive load
terminals. The current values on the faceplate (Table 3.3.2) are terminals. They help
determine the equivalent admittance.

CAPACtnve LOM>
2

Figure 3.3.2. Capacitive load
TABLE 3.3 .2. Capacitive load
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3.3.4 INDUCTIVE LOAD MODULE. The Inductive Load module, Model 8321, shown
below in Figure 3.3.3, consists of a half-size module. Each group has seven increments.
When all three groups are connected in parallel, the single-phase load has 21 increments.

Figure 3.3.3. Inductive load

Each inductor is within 5% tolerance of the stated inductance value. The Inductive
Load is not designed to be used with the voltage. Inductive load terminals provide access
to the three sections of the Inductive Load module. The Load switches, when turned on I
position) add the given impedance values in parallel) between two inductive load
terminals. The current values on the faceplate are those when a nominal voltage (at
nominal frequency) is applied to the given inductance terminals. They help determine the
equivalent admittance. The Inductive Load, Model 8321, is a heavy module. It is
recommended to put it alone in a half-size compartment of a workstation or under
another half-size module, as shown in Table 3.3.3. This particular section of the thesis
explained the electrical principles and the industrial applications of the Lab-Volt training
systems, which will allow the student to receive a complete understanding of
manufacturing labeling and hands-on experiments in power applications.
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TABLE 3.3.3. Inductive load
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The theory and practical come together to create a picture of reality and the
knowledge of electromechanical equipment production in today's field, as shown in Figure
3.3.4, DC Self Excited Shunt Generator.

Terminal 8 and Neutral (N) of the power supply are configured for the fixed rotor winding.
After settings of the field rheostat, the de generator is coupled to the synchronous motor
with a timing belt.

To complete the experiment, a resistance module (EMS 8311) is connected at a no
load that the switches are configured in the downward position. Ac metering and De
metering were added for measurements. (20) . At no load and varied loaded configurations,
data can be recorded from each metering device, as shown in Figures 3.3.4 and 3.3.5.

The student will have access to DC motors with and without brushes that wil l be
using high voltage power magnets, which operates at a sufficient level of
improvement. The induction motor with this specified id will save on magnet
costs. [23], [24]
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Figure 3.3.4. DC Self-excited shunt generator schematic

3.3.5 The Single phase transformer. The term Single-Phase Transformers is
commonly used item. The transformers various in sizes, ranging from miniature
transformer to huge power transformers. Figure 3.3.6 displays the small modules
that are used in the lab.

Figure 3.3.5. EMS DC Self-shunt practical experiment

All transformers have primary windings and secondary windings. The input voltage
is connected to the primary windings and the output voltage appears at the secondary
windings. The transformers are used in AC power distribution.

A transformer in operation will cause the AC currents to flow in the windings,
this sets up an alternating magnetic field.
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Figure 3.3.6. Transformer module 8341

3.3.6 Data acquisition interface EMS 906. The essential EMS module unit for practical
simulations is a Data Acquisition and Control Interface (DACI). This device is engineered for
precise, consistent, and reliable data acquisition. The EMS modules and LVSIM-EMS
software support hands-on learning with a simple setup during the COVID-19 crisis. This
process will be able to handle continuous use by students. The software can maintain data
accuracy and reliability. The module accomplishes data acquisition to feed raw signal data
to the LVDAC-EMS computer workstation installed at each station. To activate data
acquisition for a specific computer-based instrumentation function, a license for this
function must be ordered for each DACI on which function is to be used. Similarly, to
activate a particular control function, a license for this function must be ordered for each
DACI on which a function is to be used. As shown in Figure 3.37, the student will be able to
measure and record multiple currents and voltages data.

Figure 3.3.7. Data acquisition and control interface {DACI)
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3.3.7 Four-quadrant dynamometer and power supply

A useful module is the Four-Quadrant Dynamometer/Power Supply. This module has a
USB peripheral designed to be used with a computer workstation, as shown in Figure 3.3.8.
The module can be configured in Dynamometer mode. The module converts the
dynamometer that can be a braking system or a prime mover. The Power Supply method
is the unit that becomes a four-quadrant power supply that can act as a de voltage source
and an ac power source. In each operating mode, critical parameters associated with the
particular function are demonstrated.

Figure 3.3.8. Four-Quadrant dynamometer and power supply

The speed, torque, mechanical power, and energy are displayed in the Dynamometer
mode while voltage, current, electrical power, and energy are shown in the Power Supply
mode. (23], (24]. As shown in Figure 3.3.9 and Figure 3.3.10. The schematic circuit Figure
3.3.9, displays a power supply connected to the Synchronous motor/generator and the
Four-Quadrant Dynamometer/Power Supply. The lab connections indicated by the circuit

is the characteristics of the 3 ¢ synchronous motor. The motor is not self-starting, but the
unit does contain a squirrel cage type rotor.

55

U(CUO OYltA-TU

uovac

Figure 3.3.9. Four-quadrant dynamometer and power supply schematic

As shown in the figure 3.3.10 and 3.3.11, the three stator windings are wye connected to

the fixed 208V 34> output of the power supply, terminals 1, 2, and 3, as shown in Figure
3.3.11.

SQUIRREl:e.<,CE
INOOCTION MOTOR

£LECTRO DYNAMOMETER

0

Figure 3.3.10. Four quadrant dynamometer power supply synchronous schematic

Figure 3.3.11. Four-quadrant dynamometer power supply
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Tables 3.3.9, 3.3.10, and 3.3.11 displays the simulation method which will be compared
with the analytical, practical method by students. The analytical and practical mode!
represents performance in ideal conditions; in GUI form. From this study, the analytical,
practical approach will achieve real test-bed experiments.

LVSIM-EMS simulation is an excellent method where practical method analysis
cannot be used (COVID-19), concerns 9due to complexity or lack of a close form solution.
The analytical method provides an improved clear picture of collecting accurate data
advantage. The disadvantage of a simulator it that it has its limitations. One advantage of
the simulator it that it has its limitations. The analytical method provides an improved
clear picture of collecting accurate data -one advantage of the disadvantage of a
simulator it that it has its limitations.

TABLE 3.3.9. Data comparison

TORQUE

/1

/2

13

W1

Wz

SPEED

(!bf-in)

(amps)

(amps)

(amps)

{amps)

(amps)

(r / min)

LVSIM-EMS: 0

.735

.735

.735

-55

151.7

1803

.725

.725

.725

30

260

2031

.654

.654

.688

30

260

2031

Meter: 0
DACl:O
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TABLE 3.3.10. Dynamometer reading

It

/2

(lbf-in)

(amps)

(amps)

(amps)

(amps)

(amps)

(r / mln)

0

0.735

0.735

0.735

-22.44

145.1

1773

3

0.762

0.762

0.762

-15.09

143.0

1767

6

0.847

0.845

0.845

21.34

183.0

1738

9

0.981

0.982

0.982

58.33

255.5

1705

12

1.165

1.165

1.165

97.29

336.1

1666

TORQUE

W2

Wt

13

SPEED

The analytic analysis gives provision to an idea theoretically and mathematically. The
simulation analysis approach reveals the ideal that it is physically imitating the real method.
Tables 3.3.9 and 3.3.10 show proof between the two.

TABLE 3.3.11. DACI

13

It

Iz

(lbf-in)

(amps)

(amps)

(amps)

(amps)

(amps)

(r / min)

0

.800

.800

.800

-50

98

1805

3

.850

.850

.850

35

250

1730

6

1.01

1.01

1.01

65

225

1700

TORQUE

Wz

W1

SPEED
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9

1.25

1.25

1.25

108

265

1668

12

1.60

1.60

1.60

110

270

1665

3.3.8 The EMS Four-pole squirrel-cage induction motor. The Induction Motor is a threephase ac machine that can function as an asynchronous motor. The three stator windings
are accessible through all terminals on the module front panel. The procedure will allow
the operation in either star {wye) or delta configuration. Figure 3.3.12 displays the
induction motor.

Figure 3.3.12. Four-pole squirrel-cage induction motor

·

3.3.9 The universal motor. The motor can operate on AC or DC power. A student can
lower the front, access the armature winding, series field winding, and compensating
winding. Figure 3.3.13 displays the universal motor.

Figure 3.3.13. Universal motor/ generator
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3.3.10 The EMS three-phase transformer. The three -phase transformer consist of
three single-phase banks. Every one of the windings can be used in the primary or in the
secondary. One of the windings has an intermediate tap. These features allow delta-star
(wye), star-delta, star-star, and delta-delta connections. A student can access the terminals
on the front panel. The over-current LEDs are located on the front panel of the module, as
shown in Figure 3.3.14.

Figure 3.3.14. Three-phase transformer

3.3.11 The Synchronizing EMS module. The module consists of three components:

1.

Triple-pole,

2.

Single-throw switch, and

3. Indicator lamps

Each lamp is coupled in parallel with a contact pair of the triple-pole toggle switch.
The primary function of this EMS Module is to indicate synchronism between two AC
generators and to connect the generators by closing the triple-pole switch electrically. The
lighted color lamps slowly turn from white to orange. To adjust any of the three features,
toggle the switch either up or down. The network power circuit is closed when the switch

60

is in the up position. When it is in the down position, the circuit becomes open, as shown
in Figure 3.3.15.

Figure 3.3.15. Synchronous module

3.4 IEEE Standard Unit System

The user of this study may discover some unfamiliar symbols and abbreviations. In
general, Lab-Volt Educational Systems has adopted the "Letter Symbols For Units" IEEE
Standard Number 260/USA Standard Number YI0.19, dated October 18, 1967.[21] The
abbreviations have been approved by vendors such as Lab-Volt following a thorough study
of available abbreviations and guidelines published by the Institute of Electrical and
Electronics Engineers (IEEE) and are consistent in nearly all respects with the
recommendations of the International Organization for Standardization (ISO) and with the
current work of the International Electro-technical Commission (IEC). The symbols and
abbreviations used in this manual are listed in APPENDIX B. Each symbol derived from a
proper name has an initial capital letter. Singular and plural forms are identical. In the labs,
the student will use the International System of Units was established in 1960.
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CHAPTER 4

Course Content

4.0

Ten Laboratory experiments selected to give students the necessary electrical

power experience were assigned and performed in a semester. In designing the lab course
content, it is necessary not to lose sight of ABET course requirements. Students were
required to collaborate in teams of three during face-to-face and also remote
performance. Reports were required to be done individually and word processed using a
computer and turned in a week after the experiment is done. The following sections
summarize the topics coverage and their outcomes.

4.1 Lab Experiment No. 0: Simulations and Ohm' s Law
The lab familiarized students with the LVSIM-EMC simulator, DC voltmeters,
ammeters, and Data Acquisition and Control Interface module. The lab also covered the
behavior of inductors, resistors, and capacitors in a three-phase circuit. The student
learned how to use a wattmeter and discovered the phaser relationship between voltage
and current in a three-phase circuit.

4.2 Lab Experiment No. 1:The Single Phase Transformer
The lab introduced to the student to a study of the voltage and current ratios of a
transformer. The student become familiar with the transformer exciting current and its
volt-ampere capacity and short circuit currents.
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43 Lab Experiment No. 2: The Autotransformer
This lab allowed the student to become familiar with the voltage and current
relationship of an autotransformer and teaches the student how to connect a standard
transformer as an auto transformer.

4.4 Lab Experiment No. 3: Transformer Polarity
The lab allowed the student's to connect transformer windings in series, to induced
voltages that are cumulative or differential. The lab also allowed the student to
determine the polarity of the windings in series.

45 Lab Experiment No. 4: The Universal Motor Part 1
This lab allowed the student to study the construction of the universal motor at
loaded and no-load condition.

4.6 Lab Experiment No. 4: The Universal Motor Part 2
The lab allowed the student to study the operation of the universal motor at load
and no-load condition. Motor characteristics are observed and recorded while operating
on direct current.

4.7 Lab experiment No. 6: Three Phase Transformer Connections
The lab introduced the students to a three phase connection of transformers in delta
and wye configuration. The lab requires the student to observe the characteristics of the
current-voltage relationship.
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4.8 Lab Experiment No. 7: The De Self excited Shunt Generator

The lab allowed the student to learn the properties of the Shunt DC generator and to
study how to connect the generator and observe the armature voltage versus the
armature load current characteristics.

4.9 Lab Experiment No. 8: The Three Phase Alternator

The lab allowed the student to study and acquire the no-load saturation curve and
the short-circuit characteristics of the alternator.

4.10 Lab Experiment No. 9: The Squirrel Cage Induction Motor

The lab taught the student to observe the construction of the three phase (3q>}
squirrel-cage motor and record the characteristics of the no-load and full-load
performance.
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CHAPTER 5

Results, Conclusion, and Future Work

5.0 Results and Conclusion
This study presents the simulations versus practical experimentations in a students'
lab, it was discovered that the pre-lab, lab demonstrations, simulations, and practical
module implementations were all essential in providing adequate students' lab experience.
The simulation software allows each student to perform the E.M.S. power laboratory
experiments in a safe, risk-free environment. This provides each student the opportunity
to make mistakes and learn how to correct them using the immediate feedback software
dialog warnings.
Laboratory instructions and procedures are essential elements of many undergraduate
lab courses. Practical training is demanded by top professional companies such as Intel,
Siemens, and Texas Instruments, to name a few. This study has transformed the Power
laboratory procedures to include the use of technology through LVSIM-EMS simulations,
computational modules, and the building of pre-laboratory exercises using modules
hardware. The resources outlined in the report were available during the COVID-19
pandemic, and they enabled students to complete all the lab assignments.
5.1 Future Work
This study has contributed to the virtual environment experiments for the

Department of Electrical and Computer Engineering during the COVID-19 crisis that have
impacted the way of teaching laboratory courses. For the future, stimulations are still
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necessary for the labs, and it is recommended to formally survey the students to determine
if the knowledge of understanding of the lab experiment threshold has increased. It is also
recommended to explore the use of other methods such as a 3D virtual laboratory. SCADA
is heading towards the cloud arena, and loT is a new buzz word. For the future, it is
recommended to research how to control the generation station and sub-station using the
programmable logic-controlled devices with the ability of using loT cloud management.
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APPENDICES
APPENDIX A: Safety/Online Safety Forms (Link will be provided)

1. Be sure of the conditions of the equipment and the dangers
present BEFORE working on a piece of equipment. Many sportsmen are
killed by supposedly unloaded guns; many technicians are killed by
supposedly "dead" circuits.

2. NEVER rely on safety devices such as fuses, relays and interlock
systems to protect you. They may not be working and may fail to
protect when most needed.
3. NEVER remove the grounding prong of a three-wire input plug. This
eliminates the grounding feature of the equipment making it a potential
shock hazard.
4. DO NOT WORK ON A CLUTTERED BENCH. A disorganized mess of
connecting leads, components and tools only leads to careless thinking,
short circuits, shocks and accidents. Develop habits of systemized and
organized procedures of work.
5. DO NOT WORK ON WET FLOORS. Your contact resistance to
ground is substantially reduced. Work on a rubber mat or an insulated
floor.
6. DON'T WORK ALONE. It's just good sense to have someone around
to shut off the power, to give artificial respiration and to call a doctor.
7. WORK WITH ONE HAND BEHIND YOU OR IN YOUR POCKET.
A current between two hands crosses your heart and can be more lethal than
from hand to foot. A wise technician always works with one hand.
8. NEVER TALK TO ANYONE WHILE WORK • ING. Don't let yourself be
distracted. Also, don't you talk to anyone, if he is working on dangerous
equipment? Don't be the cause of an accident.
9. ALWAYS MOVE SLOWLY when working around electrical circuits .
Violent and rapid movements lead to accidental shocks and short circuits
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APPENDIX B: Symbols and Abbreviations

aJtemating current

ac

farad

F

American wire gauge

AWG

foot

ft,

amper

amp,A

frequen y

f

ampere (in lantaneou )

a

greater than

>

t

ground

gnd

apparent power

VA

henry

H

applied volta

V,.

hertz

Hz

average

avg

horsepower

hp

British th rmal unit

BT

hour

h

impedan

z

inch

in, u

ampere - tum

capacitance
pacitive reactance

I

clockwis

cw

inductance

L

cosine

co

inductance - capacitan

L

kilohertz

kHz

cw

k.ilohm

k!l.

CEM

kilovar

kvar

kilovolt

kV

Hz

kilo olttrnpere

kV

dB

kilow tt

kW

0

kilowatt hour

kWh

coulomb
counterclockwise
counter electromothe force
urrenl
cle per second
de ibel
degree

lsi

degree F hrenheit

Of

degrc (plane angle)

...

load (resistance)

RL

direct urrcnt

de

logarithm

log

divide

+, I

magn tomotive force

MMf

cffective value (ac)

rms

ma imum

max

electromotive force

EMF

megahertz

MHz.

0

than

<
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APPENDIX B: Symbols and Abbreviations

mega\<OII

power apparrnt)

megawatt

po er (in 1anlanoou

p

megohm

power (rea tiv )

var

mi oampere

power factor

p

X

mi rofarad

µ

reactan

microhenry

µH

reactan e (capac11 n )

micro

flS

reaclanc (indu t n )

microwatt

µW

r ctiv power

var

mtlliampere

mA

r i tancc

R

millifarad

m

millihcnry

mil

resi tancc • inductanc ·

R

milliohm

mn

revolution per minute

r/tnJn

millisecond

ms

r volution per cond

r/

millivolt

root · mean • square

rm

milliwatt

mV
mW

minimum

min

ine

minut (tame)

min

nd

min

i tanc - pa iran e

L

RC'

ond {tim )

urce (current)

sin
Is

. ourc (voltage

n fr,e

neg,-

tan ent

tan

ohm

n

temper ture

T

peak

pk

time

p

~

tot31 curr nt

picofarad

pF

tot.ii power

po itive

pos, -+

volt

potential

volt (in tan1aneou )

V

pound • force

lbf

vollag ( pplied)

pound • for-ce inch

lbf.UI

vollampere

pound · fore root

lbfJt

watt

w

power

p

watthour

Wh
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APPENDIX C: Equipment List

MODEL

DESCRIPTION

QUANTITY

MACHINE LABEL

8131

Bench Top Console

8

Loading capacity

8211

DC Motor/ Generator

8

¼ hp. 1800 r/min. 120Vdc

8221

Squirrel-Cage Induction

8

motor
120W, 1800 r/min. I 20Vdc
generator
¼hp. 1670r/min.
120/208V, 3(J)

Motor
8241

Synchronous

8

¼ hp. )800 r r in. 12°6c208V,
3(J). motor 20W, 18 0
r/m in. J 20 208 V 3(J), gen.

8

¼hp. 1800r/min.

Motor/Generator
8254

Universal Motor Module

120Vac/Vdc
8311

Resistance Module

8

Loading capacity O to 252W
in 12W steps, three separate
sections, 5% accuracy,
1</>(J),/3¢ I de

8341

Transformer Module

8

60 VA, 120/208/ 120Vac, 1(/)

8412

DC Metering Module

8

0-SOOmAdc, 2% accuracy
00·2.5/SAdc, 2% accuracy
0·20/200 Vdc, 2% accuracy

When using 0-20 (Volts/10)
8425

AC Metering Module

8

-0.5/2.5 /8 Aac. 2% Accuracy
(2/ 0·0.5 /2.5 /8/2 5Aac, 2%
accuracy

8426

AC Metering Module

8

0·100/250Vac, 2 :. (3)

8431

Wattmeter Module

8

0-750W, 0·150V, O·lOA
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8441

Three-Phase Wattmeter

8

Three-Phase Wattmeter
Module
(2) 0-300W, 0-300V, 0·2A

8

3cP switch with lamps.

Module

8621

Synchronizing Switch
Module

MODEL

DESCRIPTION

QUANITY

8821

Power Supply

8

8960-11

Four-quadrant

8

Dynamometer / Power
Supply

MACHINE LABEL

input·120/208V, 15A, 3cP (4
wires plus ground)
output· 120/208V, /SA, 3cP
(fixed) 120V, 15A,
1 <p>120Vdc, 2A output·
0-120/208V, SA, 3cP
(variable) 0-120V,5A ,1cP 0120Vdc, BA voltmeter·0- 250
Vac/Vdc
Dynamometer 0-3N-M, 02500 r/min, 350 W
Power Supply 0-± 150V, 0 - ±
SA, 500W

8920

Hand Tachometer

8

0-10,000 r/min (precision
type)

8941

Connection Leads

8

Connection Lead Set:
28 stack-up banana plug
patch cords 15 amp
continuous operation

8942

Timing Belt

8
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APPENDI X D PRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

(j) LABORATORY EXPERMENT NO. 0 Part 1
4.1 EQUIPMENT-SIMULATIONS AND OHM'S LAW
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Figure D4.0.0: EMS model numbers
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Object
I.

To demonstrate Ohm's Law and to show its various forms

II.

To become familiar with LVSIM_ EMC simulator, DC voltmeters, ammeters and
Data Acquisition and Control Interface module.

Eq·uipment Details: {Instruments and Components)
Power supply Module

EMS 8821-20

Resistance Module

EMS 8311-00

Capacitive Load Module

EMS8331

Inductive Load Module

8321-00

DC Metering Module

EMS 8412

Connections Leads
LVSIM-EMS software

https://lvsim.labvolt. com

Data Acquisition & Control Interface (DACI}

EMS9063

Theory
Ohm's Law is express by

E- the potential difference from one end of a resistance element to the other. {Units
measured in Volts)
/ - the electrical current through the same resistance element (measured in Amperes)

R - the resistance of the same element (measured in Ohms.)

Ohm's Law is also expressed by: I

=£R

E = IR

In order to produce a current, a voltage must first exist across the resistance.
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Procedure

1. Use the Multimeter to measure the resistance of the DC Voltmeter- - - -ohms
2. Use the Multimeter to measure the resistance of the AC Voltmeter- - - -ohms

3. Use the Multimeter to measure the resistance of the Power Supply (7 to N)
- - -ohms
4. After measuring the resistance of all three, does the voltmeter have an
appreciably higher internal resistance than the two current meters? _ _ __

Explain why?

5. Using the EMS Resistance, DC Metering, and LVSIM-EMS {lvsom.labvolt.com Note: (Ask the Instructor for Key Code.) and Power Supply Modules, connect the
Circuit shown in Figure 0.0 using LVSIM-EMS and the module listed in the
equipment details. Be careful to observe the polarities on the DC Volt - Amp
meter and metering.

0-120
Vdc

Figure D0.0. First circuit schematic

0- 200

Vdc

JOO
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a. Open any browser and type: https:// lvsim.labvolt.com
b. Insert modules from the Equipment Details list in Figure D0.0
c.

Insert two Multimeters (Red and Yellow) As shown in Figure D0.1

d. Connect the Circuit by clicking on device ports shown in Figure D0.0 As shown in
Figure D0.2
e. Insert the Power Supply and the Resistor Module

f.

Click on port for each respected module and connect the circuit in Figure 00.0. As
shown in Figure D0.3

g. Completed circuit should be similar to Figure D0.5
Note: Do not turn on Power until the Instructor has viewed your connections. Please take
heed to all the warnings from the simulation software.

Figure D 0.1. Multimeter icon

Figure D0.2. LVSIM -EMS
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6. Turn on the Power supply. Slow advance the voltage output clockwise with
control knob using the mouse shown in Figure 00.3. When the mouse hand
appears, power and knob can be controlled. Record this current in the space
provided in the table. Repeat and follow the voltage values listed in Table 0-0

---Figure D0.3. Power switch and control knob

Figure 00.5. First circuit measurements

7. When the voltage reaches 120. Stop and record the LVSIM-EMS, Workstation
Modules data and DACI Software data and fill out the Table 0-0 below. Repeat
the steps 1-7 and connected the circuit using Lab Modules at the workstation.
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Record the data in Table 0-0 - 02. (Use the Multimeters and Data Acquisition and
Control Interface Metering module)

Table 0-0. Simulation
,,~

VOllS

20

0

E .,

40

60

80

100

120

-AMP$

-

:,,_., I

.-

Table 0-1. DACI

VOllS

E

0 .\
' ...

20

40

60

80

100

120

,:,

AMPS

I

I

'" I .

.

-

100

120

.

Table 0-2. Meters

T

I

0

'

20

40

60

80

AMPS

·-

I ,
~

'J

Note: The data collected by the simulations module are not practical, they are ideal.

8. Return the voltages back to zero. (Note : Do not disconnect the circuit) . Plot the
recorded currents (at the listed voltages} of Table 0-0 on the graph of Figure. 0.7, .D0.8,
and Figure D0.9 for each recording.
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9. Compare the results. Where the results the same? _ _ _ _ _Explain.

400~

II)

w
a::
w

300-

a..

I

-

:IE

-

c(

..J
..J

200

:IE

z

-

100

0

Figure D 0. 7. DACI

20

40

60

80

100

120
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Cl)

Ll,I

a:

300

Ll,I
~

--- -

:E
C

::; 200
-'

:E

z

-

100

0

t
40

20

60

80

100

120

Figure D0.8. Meter
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l,IJ
~

:E
C

::; 200 ..
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:E

z

-

100

t
0

20

•

I

I

40

60

80

E ltt V..OUS
Figure D0.9. Simulation

I

r

100

120
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10. Draw a smooth curve through these plotted points. Is the current directly

proportional to the voltage; {does the current double, triple, etc. when the voltage
doubles, triples, etc.)?

11. Using the values of/ and E from the table in Procedure 6, calculate the ratios of E / I

in each case. Record your calculations in Table 0.1. Note: A table is available in the
metering menu of LVSIM-EMS and DATA Acquisition and Control Interface.

Table 0.1. Meter

12. The average value of E / I is_ __ _ _ _ _ _ _ _ _ _ . Note that the ratio

between the voltages applied across the resistor and the current flowing through it is a
constant value, called resistance. Note that the ratio between the voltage applied across
the resistor and the current flowing through it is a constant value, called resistance.

84

13. You will now verify that the alternate form of Ohm's Law (I= E/R) is valid. Use the
same circuit shown in Figure. 0.0. Turn on the power supply and adjust for 90Vdc as
indicated on the voltmeter across the 300 ohm resistor. Measure and record the current
through the 300 ohm resistor.

I measured =- - - - - - - - ----'Ade
I measured =_ _ _ _ _ __ _ __;Ade
I measured =_ _ __ _ _ _ _ _ __;Ade

- - - - -- -----'Ade

I measured =

Return the voltage to zero and turn off the power supply switch.
Does Emeasured = E / R

= 90/300? _ __

14. You will now verify that the other alternate form of Ohm's Law (E

= lxR ) is valid.

Use the same circuit shown in Fig. 0.0. However, this time set the resistance to 600
ohms. (See Appendix A).Turn on the power supply and adjust the output voltage until the
current meter indicates 0.2 amperes. Measure and record the voltage across the 600
ohm resistance with Multimeter, LVSIM-EMS and DACI. Return the voltage to zero.

Emeasured = _ __ _ _ __ _ _ _ _ _Vdc
Emeasured

=_ ___________Vdc

Emeasured = _ __ __ _ _ _ _ _ _ _Vde
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Does Emeasured I xR = 0.2x 600?
- - - - - - - - - - - - -. Turn off power
supp Iy.

15. You will now measure the value of an equivalent resistance without the use of your
Ohmmeter. Use the same circuit shown in Figure 5-3. Turn on the power supply and
adjust the output voltage for 60Vdc as measured on the voltmeter across the
resistance. Vary the resistance by using the switches until approximately 0.3 amperes is
indicated by the current meter. Read just the voltage control if necessary, to maintain
60Vdc across the resistance.

a} Using Ohm's Law and with the voltage in step 15 {60V) and current (0.3A},
calculate the equivalent resistance now in the circuit.

Requivalent = _ _ _ _ _ _ _ _ _ _ _ _Q

Eequivalent =_ _ _ _ _ _ _ _ _ _ _ _.D

Return the voltage to zero and turn off the power supply switch.
b) Using the formula for parallel resistance and with the resistances you have
connected in parallel, calculate R equivalent :
R equivalent =_ _ _ _ _ _ _ _ _ ___Q

Is there good agreement between (a) and {b)?_ _ _ _ _ _ _ _ _ _ _ _ _ __
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16. Disconnect the circuit without disturbing the position measurement of

Requivalent

and the calculated Requivale11t of procedure 15b.

R equivalent =_ _ _ _ _ _ _ _ _ _ _ _Q

Is there good agreement between ohmmeter measurement of Requtvalent and the
calculated. 13 (b)?_ _ _ _ _ _ _ _ _ _ Explain. _ _ _ _ _ _ _ _ _ _ __
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TEST THE KNOWLEDGE

1. Using Ohm's Law in its various forms, fill the blanks in Table 0.5.12.
2. A 3Adc meter has a resistance-of 0.1 O. If it were accidentally
connected across a 120Vdc line, what would be the current through the
instrument?

------------------------"Ade

I=

What do you think will happen?

3.

A 3Adc meter has a resistance of 0.150, and carries a current of 2 amperes. What is
the voltage across its terminals?

E= _ _ _ _ _ _________ Vdc
4.

A 0-lSOVdc meter has a resistance of 150,000 ohms. What is the current
through the instrument when it is connected across a 120Vdc line?

-----------------Ade

I=

88

5.

An experimenter accidentally touches a 240Vdc line. If his skin resistance is
10,000.U, what value of current flows through his body?

l= _ _ _ __ _ _ _ _ __;Adc
6.

An electroplating plant has bus-bars which carry up to 1000 amperes at 6 volts direct
current. The surroundings are very wet with water and electrolyte. Should the busbars be insulated, and if so, why?

7.

Birds have been known to perch on 2300 volt bare transmission lines without
apparent harm. Is this because of the very dry nature of their feet?_ _ _ _ Explain.

8.

An ammeter having a scale 0-JAdc and a resistance of JU is connected across a source
of 300 millivolts. What will it indicate?
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APPENDIX D PRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

(i) LABORATORY EXPERMENT NO. 0 Part 2
4.0.1 EQUIPMENT-SIMULATIONS AND OHM'S LAW-Three Phase Circuits
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Object
1. To study the relationship between voltage current in the three-phase circuits.

2. To learn how to make delta wye connections.
3. To calculate the power in three phase circuits.

,-------·

II

_,........,•....--------,

'

I

I

I

I

l • HO

vu

'
I
I

• :HO

I

V ec

I
!

l
I

I

Il @
I

I

I

I

L------- - - 1

Figure D4.5.0. Three phrase circuits

DISCUSSION
Students tend to approach three-phase circuits with a certain apprehension which
is not at all justified . Three-phase circuits, in the majority of cases, are symmetrical.

They consist of three identical branches, each of which has the same impedance.
Each of these branches can be treated exactly like a single-phase circuit. Consequently,
three phase circuits are not necessarily harder to work with than single-phase circuits .
Unbalanced three-phase circuits represent an unnatural condition . Circuit analysis
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becomes somewhat difficult and will not be covered in this manual. Three-phase systems
are usually connected by either a delta or a wye configuration. Each of these connections
has definite electrical characteristics and the designations delta and wye are derived from
the method of connection.

EQUIPMENT AND COMPONENTS REQUIRED
Refer to the Equipment Utilization Chart, in Appendix A of this manual, to obtain the list
of equipment required to perform this exercise.

Power Supply Module (0-120/208V/3q>)

EMS 8821

AC Metering Module (250/250/250V)

EMS 8426

DC Voltmeter (20V/200V/0.5A 2.SA/SA)

EMS 8412

Resistance Module

EMS 8311

WATT Meter Module

EMS 8441

Inductor Load Module

EMS 8321

Capacitance Load Module

EMS 8331

Connection Leads

EMS 8941

LVSIM EMS Software-& DACI

https://lvsim.labvolt.com

PROCEDURE CAUTION: High voltages are present in this Experiment! Do not make or
modify any banana jack connections with the power on unless otherwise specified!
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I,

.

201

...

201

I,

Figure D4.5.1. Amp meter and volt meter schematic

1. a. Using your Power Supply and AC Voltmeter connect the circuit shown in Figure
4.5.0.
b. Turn on the power supply and adjust the line 4-to-neutral voltage (as indicated by
the Power supply voltmeter) to exactly 120 Vac.
c. Measure and record each line-to-line voltage.
£4 tos =___Vac

Es to 6 = _ __ Vac
£4 to 6 = _ __ Vac

d. Return the voltage to zero and turn off the power supply.
e. Calculate the average value of the line-to-line voltage.

Eline-to-line= _ _ _ _ _ _

v ac

2. a. Reconnect the three voltmeters in order to measure the voltage from each line-toneutral.
b. Turn on the power supply and adjust the line 4-to-neutral voltage {as indicated by
the power supply voltmeter} to exactly 120 V ac.
c. Measure and record each line-to-neutral voltage.
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£

4 to N= - - -Vae

Es

toN

=_ _ _Voe

d. Return the voltage to zero and turn off the power supply.
e. Calculate the average value of the line-to-neutral voltage.

v ac

Eune-to-neutral = _ _ _ _ _ _ _ _ _ _

3. a. Calculate the ratio of the average line-to-line voltage to the average line-to-neutral
voltage.

Eune-to-line

I Eune-to-neutral

b. Is this ratio approximately equal to the

= _ _ _ _ _ _ _ _ _ Vae

/j x (1.73)?__Yes_No.

4. a. Repeat procedures 1 and 2 but this time measure the voltages from the fixed
output terminals of your power supply.

E 4 to N= _ _ _ Vae

Es

toN = _ _ _Voe

b. Are the fixed line-to~line and the line-to-neutral voltages reasonably equal?
_Yes

__ No
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c. Is the voltage between any two terminals a single-phase voltage or a three-phase
voltage?

5.

a. Using the Resistance Load, AC Ammeter and AC Voltmeter connect the WYEcircuit

shown in Figure D 4.5.1. Use a separate resistance section for each of the loadsR1, Rz
and R3. Do not connect the neutral of the resistance module to the neutral of the power
supply.
b. Set each resistance section to 400 0

c. Turn on the Power supply and adjust for 208 Vac.

d. Measure and record the voltages across, and the currents through, the three load
resistances Rl, R2 and R3.

Figure D4.5.1. Three load circuit
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- -- Vac

Ii =------'Aac

E2 =- - -Voe

/2 =- - - -Aoc

E

1=

13 = - - - -Aac
e. Return the voltage to zero and turn off the power supply.

f. Are the currents and voltages reasonably well balanced?

- - - -No

- - - - -Yes

g. Calculate the average value of load voltage.

E load= _ _ _Vac
h. What is the average value of the line-to-line voltage to the average load voltage?
Eune-to-line =_ _ _ _ _ _ _ _ _ _ _ _ _ _ Voe

i.

Calculate the ratio of the average line-to-line voltage to the average load voltage.
Eune-to-line/ E1oad = _ _ _ _ _ _ _ _ _ _ _ _ _ _ Voe

j.

Is the ratio approximately equal to the

/j x (1.73)7

k. Calculate the Power dissipated by each load resistance.
P1=___ W

Pz =- -- W

I.

Calculate the total three-phase power Pr
Pr=_ _w
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6.

a. Connect the DELTA circuit in Figure D4.5.2.

b. Set each resistance section to 400 Q.
c. Turn on the power supply and adjust for 120Voe line-to-line.
d. Measure and record the voltage across, and the current through, the three load
resistanceR1, R2 andRJ.

0-250
Vac

Figure 04.5.2. DELTA circuit

E

- - -Voe

h =--------'Aac

£2 =- - - Voe

'2 =- - - -Aae

EJ=- - -Vac

fa=- - - -Aae

1=

e. Return the voltage to zero and turn off the power supply.
f. Are the currents and voltages reasonably well balanced?_ __ Yes ___No.
g. Calculate the average value of load current.
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_ _ _ _ _ _ !load =_ _ _ _Aac

h. Disconnect the three current meters and insert them in series with power supply
terminals 4, 5 and 6. Replace the removed current meters with connection leads
as shown in Figure 04.5.3

Figure 04.5.3. DELTA circuit 11 load

i.

Turn on the power supply and adjust for 120 Voe.

j.

Measure and record the three line currents.

/4= _ _....;Aac
ls=

Aac

16=

Aac
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Return the voltage to zero and turn off the power supply.

k.

Calculate the average value of line current

!tine =_ _ _ _Aac

/.

Calculate the ratio of the average line current to the average load current

m. ts the ratio approximately equal to

/3 x (l.73}?_ _Yes_ _ _ No

n. Calculate the power dissipated by each load resistance.

P1=___ w
P2 =- - -W

o. Calculate the total three-phase power Pr .

Pr=_ _ w
7. Using your EMS Three-Phase Wattmeter, Power Supply, Resistance and AC Metering
Modules, connect the circuit shown in Fig. 4.5.4

8. a. Set the resistance of each section to 3000.
b. Turn on the power supply and adjust the line voltage to 208Vac as indicated by
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voltmeter V1.
c. Measure and record the line current hand the power indicated by W 1 and W2.
d. Return the voltage to zero and turn off the power supply.

0-0.5Aac
11

L

DIS 8441

O>------..._;...

Figure D4.5.4. Wattmeter
(See Appendix c for other options)

It=- - -A ac
P1= _ _ _ W

9.

a. From the results of (c} calculate the 3 <I>: Apparent power ( E1 x t 1 x 1. 73)

- - - - - - - - - - -=
- - - - - - - - - - - - - - - - - - -~
Real Power

- - - - - - - - - - - - - - - - - - - - - - - -- - -

- - - - - - - - - - - - - - - - =- - - - - - - - -- - - -- w
Power Factor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
=

b. Is the Power factor close to unity?_ _ _ _ __ _ _ _ _ _ _ _ _ __
Explain.

100

10. a. Replace the resistance module with the capacitance module.
b. Set the reactance of each section to 3000
c. Repeat Procedure 8 -9

h=

- - -Aac
Pi=- - -w

P2=

- - -W

d. From the results of (c) calculate the 3 (/);
Apparent power

- - - - - - - - - - - =- - - - - - - - - - - - - - - - - - - ~
Real Power

---------------------------

- - - - - - - - - - - - - - - - =- - - - - - - - - - - - - - w
Power Factor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

=
Reactive power

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _=_ _ _ _ _ _ _ _ _ _ _ _ _ _var

11. a. Replace the capacitance module with the inductor module.
b. Set the reactance of each section to 3000
c. Repeat Procedure 8 -9

it=- - - - - 'A ac
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Pt=- - - w
P2=

W

d. From the results of (c} calculate the 3 <P:

Apparent power _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

- - - - - - - - -- - =- - - - - - - - - - - - -- -- - - - -A
Real Power

- - - - - -- - - - - - - - - - - - - - - - - - - - =
----------------- - - - - - - - - - - - - -w
Power Factor

--------------------------=

Reactive power

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _=_ _ _ _ _ _ _ _ _ _ _var
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TEST THE KNOWLEDGE

1.

In a wye connected circuit, if the line-to• line voltage is 346 volts, what is the line-toneutral voltage?

2.

In a delta connected circuit, the current is 20 amperes in each resistance load. What
is the line current?

3. In a wye connected circuit, the current is 10 amperes in each resistance load. What is
the line current?

4. Three loads each having a resistance of 10 ohms are connected in wye. The total
three-phase power is 3000 watts. What is theline-to-line voltage of the power
supply?

5. Three resistors each having a resistance of 11 ohms are connected in delta across
a 3<P 440 volt line.
a. What is the line current?
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b. What is the total three-phase power?

6. If the two wattmeters are used to measure total power in a three-phase system, does
each meter measure single -phase power. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Explain.

------------------------------
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APPENDIX D PRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

(j) LABORATORY EXPERMENT NO. 1
4.2 THE SINGLE PHASE TRANSFORMER

Figure D4.2 Single Phase Transformer EMS 8341
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OBJECT
1.

To study the voltage and current ratios of a transformer.

To learn about transformer exciting currents, volt-ampere capacity
and short -circuit.
DISCUSSION

2.

Transformers are probably the most universally used pieces of equipment in the
electrical industry. They range in size from miniature units in transistor radios to
huge units, weighing tons, used in central power disturbing stations. However, all
transformers have the same basic properties which you are about to examine.
When mutual induction exists between twocoilsorwind ings,a change in current
through, one induces a voltage in the other. Every transformer has a primary winding
and one or moresecondarywindings. The primary winding receives electrical energy
from a power source and couples thisenergytothesecondarywinding by means of a
changing magnetic field. The energy appears as an electro • motive force across the
secondary winding, and if a load is connected to the secondary, the energy is
transferred to the load. Thus, electrical energy can be transferred from one circuit
to another, with no physical connection between the two. Transformers are
indispensable in AC power distribution, since they can convert electrical power at
a given current and voltage into an equivalent power at some other current and
voltage. When a transformer is in operation, AC currents flow in its windings and
an alternating magnetic field is set-up in the iron core. As a result, copper and iron
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losses are produced which represents real power (watts) and causes the
transformer to heat up. Establishing a magnetic field requires reactive power
(VARS) which is drawn from the power line. For these reasons the total power
delivered to the primary winding is always slightly larger than the total power
delivered by the secondary winding. However, we can say, to a good approximation,
that in most transformers:

a) Primary power (watts)= Secondary power (watts)
b) Primary volt-amperes {VA}= Secondary volt amperes ( VA)
c}Primary (vars)= Secondary (vars)

When the primary voltage is raised beyond its rated value, the iron core (laminations)
begins to saturate, and the magnetizing (exciting) current increases rapidly. Transformers
are subject to accidental short• circuits caused by natural and made disasters. The shortcircuit currents can be very large and, unless interrupted, will quickly bum out a
transformer. It is the purpose of this Laboratory Experiment to show these major points.

EQUIPMENT AND COMPONENTS REQUIRED
Transformer Module

EMS 8341

Power Supply Module (0-120/208V/34>)

EMS 8821

AC Metering Module (250/250/250V)

EMS 8426

Connections Leads

EMS 8941

Multi-Meter
LVSIM EMS Software-DACI

https://lvsim.labvolt.com
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PROCEDURE
Caution: High voltages are present in this Laboratory Experiment! Do not make
any connections with the power on! The power should be turned off after
completing each ind ividual measurement!

1. Examine the construction of the Single Phase Transformer and paying
particular attention to the transformer, connection terminals and the
wiring.
a} The transformer core is made up of thin sheets (laminations) of steel. Identify
it.
b) Note that the transformer windings are brought out to terminals mounted
on the transformer coil.
c) Note that these windings are then wired to the connection
terminals mounted on the module face .
2. Identify the three separate transformer windin s marked on the
module face:
a) list the rated voltage for each of the three windings:
terminals 1 to 2 =_ _ _ __ _ _ Vae

b)

terminals 3 to 4 =

Voe

terminals 5 to 6 =

Voe

List the rated voltage between the following connection terminals :
terminals 3 to 7 =- - - - - - - Voe
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terminals 7 to 8 =

Voe

=

Vae

=

Voe

terminals 7 to 4 =

Voe

terminals 8 to 4
terminals 3 to 8

terminals 5 to 9

=

terminals 9 to 6 =

Voe
Vac

c) List the rated current for each of the following connections:
terminals 1 to 2 == = =~ ~ - ac
terminals 3 to 4 ======""'Aac
terminals 5 to 6 =

- - - - - Aac

terminals 3 to 7 =- - - - -Aac
terminal s 8 to 4 =- - - - - -Aac

3. Using the lowest range of your ohmmeter, measure and record the DC resistance
of each winding:
()
terminals 1 to 2 =

4.

term inals 3 to 4 =

()

terminals 3 to 7 =

0

terminals 7 to 8 =

0

terminals 8 to 4 =

0

terminals 5 to 6 =

()

terminals 5 to 9 =

()

terminals 9 to 6 =

Q

You will measure the unloaded secondary voltages with 120Vac applied to the

primary winding.
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a) Connect the circuit shown in Figure 04-1.
b) Turn on the power supply and adjust for 120 Vac as indicated by the voltmeter
across the power supply terminals 4 and N.

c) Measure and record the output voltage £2
d) Return the voltage to zero and turn off the power supply.

e) Repeat (b, c and d) measuring the output voltage E2 for each of the listed
windings .

f}
winding 1 to
winding 3 to
winding 5 to
winding 3 to
winding 7 to
winding 8 to
winding 5 to
winding 9 to

2=

Vac
Vac
Vac
Vac
Vac
Vac
Vac
Vac

4

6=
7=
8=
4=

9=
6=
Meter DACI LVSIM-ESIM

Figure 04.1. Transformer schematic

5. a) Do your measured voltages correspond well with the related values? _ __
Explain.
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b) Could you measure the value of magnetizing (exciting) current? _ _ _ Explain.

6. Windings 1 to 2 and 5 to 6 each have 500 turns of wire . Winding 3 to 4 has 865 turns.
Calculate the following turn ratios:

a)
b)

winding 1 to 2
winding 5 to 6
winding 1 to 2
winding 3 to 4

=

=

7. a) Connect the circuit shown in Figure D4.2.

0 - 0.5Aac

I,

0-120
Yac

Figure D4.2. Transformer circuit volts and amps

b) Turn on the power supply and gradually increase the voltage until the shortcircuit current is 0.4Aac.
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c). Measure and record E 1,

/1 ,

and /z.

Ii=

- - - - - - - - - - - -Aac

fu=- - - - - - -- - - - -~c
12=- - - - - - - - - - - - Aac
d). Return the voltage to zero and tum off the power supply.
e). Calculate the current ratio:

111 12 - - - - - - - - - - - f). Is this current ratio equal to the turn ratio?- - - - Explain .- - - -

8. a) Connect the circuit shown below in Figure D4.3. Notice that winding 3 to 4
is short circuited by the current 13.

b) Turn on the power supply and gradually increase the voltage until the
current through the primary winding Ii is0.04Aac
c) Measure and record the fa and£ 1.

E..___________Vac

fa.__________.Aac

o-o SA
I,

C

0-120
Vac

0-0.5
A

Figure D4.3. Transformer 2

C
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d). Return the voltage to zero and turn off the power supply.
e). Calculate the current ratio:

Ii; 12 - - - - - - - -f) . Is the current ratio equal to the inverse of the turn's
ratio?

----------

9. You will now determine the effect of core saturation upon the exciting
current of a transformer.

a). Connect the circuit shown in Figure D4-4. Notice that terminals 4 and 5
are now being used . These terminals will furnish variable Oto 208 Vac.

b). Turn on the power supply and adjust for 25 Vac as indicated by the
voltmeter across the power supply terminals 4 and 5.

0 - 0 SA

c

l,

[ '

0

208
Jr
J C:

II
II

Ez

'· 0
0-250
AC

Figure D4.4 Transformer circuit
c). Measure and record the exciting current '1 and the output voltages E1 for
each input voltages listed in Table 4-5.
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d) Return the voltage to zero and turn off the power supply.

10. a) Plot your recorded current values on the graph of Figure 04.6 Draw a
smooth curve through the plotted points.

b) Note that the magnetizing current increases rapidly after a certain input
voltage has been reached.

c) Was the voltage ratio, between the two windings, affected by the core
saturation?___ Explain. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Table 4.5. (Meter)
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Ta bl e 4 .6. Current and Data Collecting
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Figure D4.7. LVSIM -EMS
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TEST YOUR KNOWLEDGE

1. If the short circuit current through secondary wind ing 9 to 6 were 1 Aac what would
be the current through the primary winding 1 to 2? ____ =_ _ _ _ _ _ _ _Aac

2. If the secondary winding 7 to 8 is short• circuited and the primary winding 5 to 6 is
drawing 0.5 Aac:
a) Calculate the short-circuit current through winding 7 to 8.

b) Why would these tests be performed as quickly as possible?

If 120 Vac were applied to winding 3 to 4, what would be the voltages across:
a) winding 1 to 2 =_ _ _ _ _ _ _ _Voe
b) winding 5 to 9= _ _ _ _ _ _ _ Voc
c) winding 7 to 8 =_ _ _ _ _ _ _Voe
d)

winding 5 to 6= _ _ _ _ _ _ _ Vac

3. Which of the two winding in Procedure 7 dissipates the most heat?
_ _ _ _ Explain. _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ __

4. If 120 Vac were applied to winding 1 to 2 with winding 5 to 6short circuited:
a. What would be the current in each winding,_ _ _ _ _ _ _ _ _ _ _ _ __
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b. How much larger is this current than the normal value?___________

c. How much more heat than normal is generated in the winding under
these conditions.

-------------------------
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APPENDIX DPRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

(i) LABORATORY EXPERMENT NO. 2
4.3 THE AUTOTRANSFORMER

Figure d4.3 Transformer Module EMS 8341
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OBJECT

l. To study the voltage and current relationship of an autotransformer.
2. To learn how to connect a standard transformer as an autotransformer.

DISCUSSION

There is a special type of transformer which physically has only one winding.
Functionally, though, the one winding serves as both the primary and secondary. This type
of transformer is called an autotransformer. When an autotransformer is used to step up
the voltage, part of the single winding acts as the primary, and the entire w inding acts as
the secondary. When an autotransformer is used to step down the voltage, the entire
winding acts as the primary, and part of the winding acts as the secondary.

Figure. D 4.2.0 {a) and Figure. D4.2.1 (b) show autotransformers connected for both
step-up and stepdown operation.

The action of the autotransformer is basically the same as the standard two-winding
transformer. Power is transferred from the primary to the secondary by the changing
magnetic field, and the secondary in turn, regulates the current in the primary to set up
the required condition of equal primary and secondary power. The amount of step-up or
step-down in voltage depends on the turn's ratio between the primary and secondary, with
each winding considered as separate even though some turns are common to both the
primary and secondary.
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C

LOAD

Figure 04.2.0. Transformer Step Up

LOAO

STEP-DOWN

(b)

Figure D4.2.1. Transformer Step down
Voltages and currents in the various windings can be found by two simple rules :
a). Primary apparent power (VA) equals Secondary apparent Power (VA}.

(VA)p = (VA)s

=

Ep Jp

Esls

b) . The primary (source) voltage and the secondary (load) voltage are directly
proportional to the number of turns N.

E..z _4
Es

Es

Thus in Figure 04.2.0:

E.rJ.
Es

NA toB
NA+ Ns to C

and in Figure D4.2.1

k
Es

NAtoq+Ns toc
NA+Ns
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These equations depend upon one important fact, that voltage EA

to B ,

and Es

to

c add

inthe same direction and do not oppose each other. We have assumed that the voltages
are in phrase. The load current, of course, cannot exceed the current carrying capacity of
the winding. Once this is known it is relatively easy to calculate the VA load which a
particular autotransformer can supply. A disadvantage of the autotransformer is the lack
of isolation between the primary and secondary circuit, because the primary and
secondary both use some of the same turns.

INSTRUMENTS AND COMPONENTS

Transformer Module

EMS 8341

Power Supply Module(0

EMS 8821

120/208Vac)
AC Metering Module

EMS 8425

(0.5/0.SA) AC
Metering Module (J00/250V)

EMS 8426

Resistance Module

EMS 8311

Connection Leads

EMS8941

LVSIM-EMS
PROCEDURE
Caution: High voltages are present in this Laboratory Experiment! Do not make any
connections with the power on! The power should be turned off after completing
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each individual measurement!
1. Using your EMS Transformer, Power Supply, Resistance and AC Metering Modules,
connect the circuit shown in Fig. D 4.2.3.
Note that winding 5 to 6 is connected as the primary winding across the 120Vac source.
The center tap of the wind ing, terminal 9, is connected to one side of the load and the

6

to 9 portion of the primary winding is connected as the secondary winding.
2 a) Place all of the Resistance Module switches in their open positions for
current.
b)

Turn on the power supply and adjust for exactly 120 Vac as indicated by

voltmeter£ 1. {This is the rated voltage for winding 5 to 6).

c) Adjust the load resistance RL to 120n.

d)

Measure and record currents /1 12and the output voltage Hz

Aac
/2

£2

Aac

- -- - - -- - - - - - Vac
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Figure 04.2.3: Transformer with Load
3). a) Calculate the apparent power in the primary and secondary circuits.

E1.______x l ~ - - - - -

=

_ _ _ _ _ _ _ _ _ _ (VA)µ

E2.______xh.______

=

_ _ _ _ _ _ _ _ _ (VA)p

b) Are these two apparent powers approximately equal?_ _ _ _ _ _ Explain.

c) Is this a step-up or step-down autotransformer? _ _ _ _ _ _ _ _ _ _ _ __

4). Connect the circuit shown in Figure D4.2.4. Notice that winding 6 to 9 is now connected
as the primary winding across the 60Vac source. The 5 to 6 winding is now connected as
the secondary winding.
12

0-0.5Aac

Figure 04.2.4. Transformer with RL
5). a) Place all of the Resistance Module switches in their open positions for zero load
current.
b) Turn on the power supply and adjust for exactly 60Vac as indicated byvoltmeter£1.
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(This is the rated voltage for winding 6 to 9).
c) Adjust the load resistance Rito 6000.
d) Measure and record currents It, hand the outputvoltage£2.

Ii

------------Aac

/2

- - - - - - - - - - - -A a c

Ez

Va c

e} Return the voltage to zero and turn off the power supply.

6. a) Calculate the apparent power in the primary and secondary circuits.

E1· - -- - - -X 11·- - - - - -

=

_ _ _ _ _ _ _ __

Ez

=

_ _ _ _ _ _ _ _ _ (VA)p

X

/2._ _ _ _ __

(VA)p

b) Are these two apparent powers approximately equal?- - - - - - Explain.

c).

Is this s step-up or step down autotransformer? _ _ _ _ _ _ _ __
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TEST YOUR KNOWLEDGE
1. A standard transformer has a rating of 60kVA. The primary and secondary voltages are
rated respectively at 600 volts and I 20 volts. a} What is the rated current for each
winding?

b}. If the primary winding is connected to 600Vac, what kVA load can be connected to
the, secondary winding?

2. If the same transformer in Question 1 is connected as an autotransformer to 600Vac:
a} What would be the available output voltages using different connections?

b) Calculate the kVA load that the transformer can supply for each of the output
voltages.

c) Calculate the winding currents for each of the output voltages and state whether they
exceed the rated values.
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3. Using the EMS Transformer Module and a fixed source of I20Vac, what windings would
you use as the primary and secondary for an output voltage
of:

--------------------a)

148Vac

b) 328Vac

c)

224Vac

d)300Vac
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APPENDIX D PRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

<i2 LABORATORY EXPERMENT NO. 3
4.4 TRANSFORMER PORLARITY

Figure D 3.0. Transformer module EMS 8341
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OBJECT
1. To determine the polarity of transformer windings.

2. To learn how to connect transformer windings in series aiding.

3. To learn how to connect transformer windings in series opposing.

DISCUSSION
When the primary winding of a transformer is energized by an ac source, an alternating
magnetic flux is established in the transformer core. This alternating flux links the turns of
each
winding on the transformer, thereby inducing ac voltages in them. Consider the circuit
shown in Figure. D4.3.1.

Figure D4.3.1: Transformer and source
By definition, an ac voltage is continually changing its value and its polarity, therefore, the
voltage across the primary winding (terminals 1 and 2) keeps changing the polarity of
terminal 1 with respect to terminal 2. Terminals 1 and 2 can never have the same polarity.
Terminal 1 must always be positive or negative with respect to terminal 2 Thus, the
alternating magnetic flux induces voltages in all of the other windings causing an ac voltage
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to be produced across each pair of terminals. The terminals of each winding also change
polarity with respect to each other.
In speaking of "the polarity" of transformer windings, all of the terminals we identified that
will have the same polarity (positive or negative) at any instant of time. Polarity marks are
employed to identify these terminals. These marks may be black dots, crosses, numerals,
letters or any other convenient means of showing which terminals are of the same polarity.
For example, in Figure. 4.3.1, black dots are used. These black dots, "polarity marks",
indicate that for a given instant in time:
When 1 is positive with respect to 2,
3 is positive with respect to 4,
6 is positive with respect to 5,
7 is positive with respect to 8,

and 10 is positive with respect to 9.
It should be noted that a terminal cannot be positive by itself. It can only be positive with
respect to some other terminal. Therefore, at any given instant of time, terminals 1, 3, 6,
7 and 10 are all positive with respect to terminals 2,4,5, 8 and 9. When batteries (or cells)
are connected in series, to obtain a higher output voltage, the positive terminal of one
battery must be connected to the negative termina l of the other battery. Connected in this
manner, their individual voltages will add. Similarly, if transformer windings are to be
connected in series, so that their individual voltages add, the "polarity mark" terminal of
one winding must connect to the "unmarked" terminal of the other winding.
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INSTRUMENTS AND COMPONENTS
Power Supply Module (0-120Vac.0-120Vdc)

EMS 8821

AC Metering Module (250/250/2S0V)

EMS 8426

DC Metering Module (20/200V)

EMS 8412

Transformer Module

EMS 8341

Connection Leads

EMS 8941

LVSIM-EMS

https://lvsim.labvolt.com

Data Acquisition & Control Interface (DACI)

EMS 9063

PROCEDURE
Caution: High voltages are present in this Laboratory Experiment! Do not
make any connections with the power on! The power should be turned off
after completing each individual measurement!
1. a) Connect the 0-20Vdc meter across the variable de output of your power supply,
terminal 7 and N.

b) Turn on the power supply and slowly adjust the voltage to 10Vdc
c) Without touching the voltage control knob, turn off the power supply and
disconnect your meter.
d) Using your EMS Transformer, Power Supply and DC Metering Module, connect
the circuit shown in Figure 4.3.2. Note that the 200Vdc meter is connected across
terminals 3 and 4.
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+ 0-200
Vdc

lOVdc

V

Figure 04.3.2: Transformer with voltage source
e) Note the deflection of the de voltmeter at the moment the power supply switch is
closed. If the voltmeter pointer momentarily deflects to the right, then terminals 1 and 3
have the same polarity mark. (Terminal 1 is connected to the positive side of the de
supply and terminal 3 is connected to the positive side of the voltmeter}.
f) Which two terminals are positive in windings 1 to 2 and 3 to 4?
g} Disconnect the de voltmeter from winding 3 to 4 and connect it across winding 5
to 6. Repeat (e}
h) Which two terminals are positive in windings I to 2 and! to 6?
i} Return the voltage to zero and turn off the'"/ power supply
2. In this Procedure, the student will see the effect of connecting two windings of a
transformer in series and the importance of polarity N
a) Using your EMS AC Metering Module, connect the circuit shown in Fig. 04.3.3.
Note that terminals 1 and 5 are connected together.
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Figure D4.3.3 Transformer circuit
b) Turn on the power supply and adjust for exactly 104Vac (one half of the rated
voltage of winding 3 to 4).
c) Measure and record the voltages across the following terminals :
E1to2 = _ _ _ _ _ _ _ _ _ _ _ Vac

Es to6 =
E2 to6 =

Vac
Vac

d) Return the voltage to zero and turn off the power supply. Remove the connection
between terminals 1 and 5. Connect terminals 1 and 6 together and connect the
voltmeter across terminals 2 and 5 as shown in Figure D4.3.4

Figure D 4.3.4. Transformer

f) Turn on the power supply and adjust for exactly 104 Vac.
g) Measure and record the voltages across the following terminals:
E1to2 = _ _ _ _ _ _ _ _ _ _ _ Vac

Es to6 = _ _ _ _ _ _ _ _ _ _ _Vac
E2 to s

=_ _ _ _ _ _ _ _ _ _ _ Vac

h) Return the voltage to zero and turn off the power supply.

132

i)

Explain why the voltage with the two windings in series is approximately zero in

one case and nearly 120 Vac in the other.

j} Which terminals have the same polarity?

3. a) Consider the circuit shown in Figure. 4.3.5. Note that winding 3 to 4 is connected to
a 104Vac power source. Do not connect the circuit at this time!

104
Yac

II

Figure 04.3.5. Transformer schematic
b) What would be the induced voltage across winding 1 to 2?_ _ _ _ _ _ Vac

c) If winding 1 to 2 is connected in series with winding 3 to 4, what three possible
output voltages can be obtained?_ _ _ _ _ _ _Vac and. ________ Vac
and_Vac.
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d) Connect the circuit shown in Fig. 4.3.5 and place the windings in series,joining
terminals 1 and 3.
e) Turn on the power supply and adjust for 104Vac. Measure and record the voltage
between terminals 2 and 4.
E1to2 = _ _ _ _ _ _ _ _ _ _ _ Vac

i) Return the voltage to zero and turn off the power supply.

j) Do the results of (e} and (h) check with your prediction in c?_ _ _ _ _ _ Explain.
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TEST YOUR KNOWLEDGE

I. Assuming the student has a 120Vac power source and that all of the windings on the
transformer module develop their rated voltage, show in the spaces provided how to
connect the windings to obtain the following voltages.
a). 240 Volts:

b). 88 Volts:
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c) 180 volts:

d) 92 Volts:
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Q LABORATORY EXPERMENT NO. 4
4.5 THE UNIVERSAL MOTOR PART 1

•

• • •
• e

EMS 8254
Figure D.4.4 UNIVERSAL EMS 8254

►.. .
.
-

'

'

r,-
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OBJECT
1. To examine the construction of the universal motor.
2. To determine it's no load and full-load characteristics while operating on alternating
current. 3. To determine its no-load and full-load characteristics while operating on
direct current.
DISCUSSION
The AC/DC universal motor is found in portable tools such as electric drills, saws,
sanders, etc., and in-home appliances such as vacuum cleaners, electric mixers, blenders,
etc. , where high speed, power, and small size are an advantage.
It is closer in concept to the DC motor than to the AC motor and has some inherent
disadvantages, which can be avoided in purely AC induction motors; chiefly, the need for
commutation and brushes are disadvantages.
The universal motor is basically a series DC motor which is specially desired to
operate on AC as well as on DC. A standard DC series motor has very poor characteristics
when operated on AC, mainly due to two reasons:
a} The high reactance of both the armature and field windings limits AC current to
a much lower value than DC current {for the same line voltage).
b} If solid steel is used for the stator frame, AC flux will produce large eddy currents
in the frame with consequent heating.
The reactance of the armature winding can be lowered by placing a compensating
winding on the stator so that the fluxes oppose or "cancel" each other. This same
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compressing winding can be connected in series with the armature winding. In this case,
the motor is said to be conductively compensated. Under these conditions, the universal
motor will have similar operating characteristics whether on AC or DC power.
The compensating winding may be simply shorted upon itself, so that it behaves
like a short-circuited secondary of a transformer (the armature winding acting as the
primary). The induced AC current in the compensating winding again opposes or "bucks"
the armature current and the motor is said to be inductively compensated. The reactance
of the field winding can be kept low by limiting the number of turns.
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INSTRUMENTS AND COMPONENTS
Universal Motor Module
Power Supply Module (0-120Vac, 0-120Vdc)

EMS 8254
EMS 8821

Electrodynamometer Module

EMS 8911

AC Metering Module (2.518A)

EMS 8425

AC Metering Module (100/250V)

EMS 8426

DC Metering Module (200V, 2.5/SA)
Single-Phase Wattmeter Module (750 W}

EMS 8431

Hand Tachometer

EMS 8920

Connection Leads
Timing Belt

LVS/M-EMS software

Data Acquisition & Control Interface (DACI}

https://lvsim.labvolt.com
EMS9063

PROCEDURE
Caution: High voltages are present in this Laboratory Experiment! Do not make
any connections with the power on! The power should be turned off after completing
each individual measurement!
1. Examine the construction of the Universal Motor Module EMS 8254, paying particular

attention to the motor, brushes, connection terminals and wiring.
2. Viewing module:
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a) Identify the armature winding
b) Identify the stator
c) Identify the main series winding
d) Identify the motor the compensating winding.
3. Viewing the motor from the front of the module:
a) Identify the commutator.
b) Identify the brushes.
c) The neutral position of the brushes is indicated by a red line marked on the motor
housing. Identify it.
d) The brushes can be positioned on the commutator by moving the lever to the
right or left of the red line. Move the lever both ways and then return it to its neutral
position.
4. Viewing the front face of the module:
a) The main series winding is connected to terminals:_ _ _ _ _ _and_ _ __
b) The compensating winding is connected to terminals_ _ _and_ _ __
c) The brushes (commutator and armature winding) are connected to
terminals_ _ _and_ _.

FINDING THE NEUTRAL
5. The student will now determine the neutral brush position for the motor by using
alternating current. Using your EMS power Supply, AC Metering, and Motor Modules,
connect the circuit shown in Figure D4.4.1. Terminals 4 and Non the power supply will
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furnish variable 0-120Vac as the voltage output control is advanced.

DO NOT
APPLY POWER AT THIS.

ARM TURE
O· 2 0
V c

TIME!

,COMP
FIELD

0-100
Vic

Figure D 4.4.1. Universal Motor

6. Unlock the Universal Motor Module and move it forward approximately 4 inches.
Reach in behind the front face of the module and move the brush positioning lever to its
maximum cw position. Do not slide the module back in place (you will later move the
brushes again}.
7. Turn on the power supply and adjust the output control until approximately 80Vac is
applied to the armature. The ac voltage that appears across the compensating winding is
induced by the ac current through the armature.
8. Do the following:
a} Carefully reach in behind the front face of the module (preferably keeping one
hand in your pocket} and move the brushes from one extreme position to another. The
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induced voltage across the compensating wind ing increases and then drops aga in as you
approach the other extreme position .
b} Leave the brushes at the position where the induced voltage is maximum. This is
the neutral point of your Universal Motor. Each time you use the Universal Motor the
brushes should be set at the neutral position.
c) Return the voltage to zero and turn off the power supply. Slide your Universa l
motor modu le back in place.
9. Connect the armature and compensatory windings in series, across the 0-120Vac
output of the power supply as shown in Figure D 4.4.2.

0

8

C

Figure D 4.4.2: Compensatory
10. Note: Do t he followi ng:

a) Turn on t he powe r supp ly and adj ust for 30Vac.
b} If t he lin e current is less than lA ac with 30Vac appl ied, the
com pensating wi nding is pro ducing a flux in the same direction as the
armature t hereby increasing the inductance (and reactance). If this occu rs,
interchange the leads to the armature or t o the compensating wind ing.
c) M easure and record t he line cu rrent
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I =

- - - - - - - - - - -Aac

NOTE: If the armature revolves, the brushes are not exactly at the neutral position.
d. Return the voltage to zero and turn off the power supply.
11. Using your EMS Wattmeter and Electrodynamometer Modules, connect the circuit
shown in Figure D4.4.3. (Remember to keep the armature and the compensating
winding connections as in procedure 10).
12. a} Couple the electrodynamometer to the universal motor with the timing belt.
b) Connect the input terminals of the electrodynamometer to the fixed 120Vac
output of the power supply, terminals 1 and N.
c) Set the dynamometer control knob at its full

ccw position (to provide a minimum

starting load for the universal motor) .

0-SAac

0-!20
V•c

UNIVERSAL MOTOR

0-2SO
Vac

Figure D4.4.3: Electrodynamometer
13. a} Turn on the power supply and adjust for I 20Vac.
b) Measure and record in Table 4.4.1, the line current, the power and motor speed.
Note that there is very little sparking at the brushes.
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c) Repeat (b) for each of the torques listed in the Table, maintaining the input voltage
at 120 Vac.
d} Return the voltage to zero and turn off the power supply.
14. a) Calculate and record in the Table the apparent power delivered to the motor for
each of the listed torques.
b) Calculate and record in the Table the developed horsepower for each of the listed
torques.
15. Replace the AC ammeter and voltmeter with DC meters and connect the input to the
variable DC output, terminals 7 and N, of the power supply as shown in Figure D 4.4.4.
16. Repeat Procedures 13 and 14 using DC power instead of AC power and complete
Table 4.4.2.
0 -5Adc:

o-zoo
Vdc

Figure 04.4.4. Electrodynamometer
Table 4.4.2VSIM-EMS

TORQUE

I

(lbf - in)

(amps)

0
3

VA

P (watts)

SPEED
{r/min)

hp

Pdeliver
Dynamometer
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6

9

Table 4.4.2 Meter
TORQUE

I

(lbf-in)

(amps)

VA

P (watts)

SPEED

hp

P deliver
Dynamometer

(r/min)

0
3

6
9

Table 4.4.2 DACI
TORQUE

I

(lbf- in)

(amps)

0

3
6

9

VA

P (watts)

SPEED
(r/min)

Hp

P deliver
Dynamometer
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Table 4.4.2 LVSIM -EMS
TORQUE(lbf - in)

I (amps)

P (watts)

SPEED

hp

Pdeliver
Dynamometer

(r/min)
0
3
6
9

Table 4.4.2 Meter
TORQUE(lbf - in)

I (amps)

P (watts)

SPEED
(r/min)

0

3
6

9

Hp

P deliver

Dynamometer
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Table 4.4.2DACI

TORQUE(lbf- in)

I (amps}

P (watts}

SPEED
(r/min)

0
3
6

9

hp

Pdeliver
0ynamometer
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TEST YOUR KNOWLEDGE
1.

From Table 4.4.1 state the AC operating no load:

a} apparent power
b} real power
c}

=

=

reactive power =

VA

w
var

d) power factor=
e) motor speed =

2.

r/min

From Table 4.4.1 state the AC operating full-load:
a) . apparent power =
b). real power =
c}. reactive power =

VA

w
var

d). power factor=
e). motor speed=

r/min

f). power delivered =

hp

g} . Electrical equivalent of (f) =
h}. efficiency of the motor=
i}. motor losses=

3.

From Table 4.4.2 state the DC operating no load:

w
%

w
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a). power=

- - - - - - - - - - - -W

b). motor speed =_ _ _ __ __ _ _ r/min
4.

From Table 4.4.2 state the DC operating full-load:
a) power =

VA

b) motor speed =

r/min

c)

hp

d) electrical equivalent of (c) =

w

e) efficiency of the motor =

%

f)
5.

power delivered=

motor losses =

w

Compare the universal motor operating characteristics on AC and DC and list the

major differences.
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APPENDIX D PRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

Q LABORATORY EXPERMENT NO. 5
4.6 THE UNIVERSAL MOTOR PART 2

• ·• •
• •
EMS 8254
Figure D4.5. Universal Motor EMS 8254

►.. ..

..

,,,,
"
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OBJECT

l. To compare the starting torque on both AC and DC.
2. To observe the effects of removing the compensating winding.
3. To provide the motor with inductive compensation.
DISCUSSION
The starting torque of a universal motor is determined by the current that flows
through the armature and field windings. Due to the inductive reactance of these
windings the AC starting current will always be less than the DC starting current (with
equal supply voltages). Consequently, the starting torque on AC power will be lower than
the starting torque on DC Power.
The compensating winding has the important role of reducing the overall reactance of
the motor' However, it also has an equally important part in opposing armature reaction,
thereby improving commutation.
An uncompensated universal motor will lose most of its power. Sparking at the brushes
will also be markedly worse.

INSTRUMENTS AND COMPONENTS
Universal Motor Module

EMS 8254

Power Supply Module (0-120Vac, 0-120Vdc)

EMS 8821

Electrodynamometer Module

EMS 8911

AC Metering Module (2.5/8A}

EMS 8425
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AC Metering Module (100 /250V)

EMS 8426

DC Metering Module (200V, 2.5/SA)

EMS8412

Hand Tachometer

EMS 8920

Timing Belt

EMS 8942

LVSJM-EMS software
Data Acquisition & Control Interface (DACI}

https.//lvsim. labvolt.com
EMS9063

PROCEDURE
Caution: High voltages are present in this Laboratory Experiment! Do not make any
connections with the power on! The power should be turned off after completing each
individual measurement!
STARTING TORQUE
1. Using your EMS Universal Motor, Electrodynamometer, Power Supply and DC
Metering Modules, connect the circuit shown in Figure D4.5.1. Remember to keep the
armature and compensating winding connections as in the previous Laboratory
Experiment 4.
2. Follow the steps:
a) Couple the electrodynamometer to the universal motor with the timing belt.
b) Connect the input terminals of the electrodynamometer to the fixed 120Vac
output of the power supply, terminals 1 and N.
c) Set the dynamometer control knob at its full cw position (to provide a maximum
starting load for the universal motor).
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d) Make sure the brushes on the universal motor are set at their neutral position.
3.

Do the following:
a) Turn on the power supply and adjust for 30Vdc as indicated by the voltmeter

across the motor winding.
b) Measure and record the motor current and the torque developed.
I =_ _ _ _ _ _ _ _ _ _ _ _ _ __,Ade

Torque =_ _ _ _ _ _ _ _ _ _ _ _!bf In
c. Return the voltage to zero and turn off the power supply.

0-5 de

0-120
V de

J

s

•

Figure D4.5.1. Universal motor

c) Return the voltage to zero and turn off the power supply.

4. Reconnect your circuit for AC operation as shown in Figure D4.5.2.
5. Do the following:
a) Turn on the power supply and adjust for 30Vac as indicated by the voltmeter
across the motor windings.
b) Measure and record the motor current and the torque developed.
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I=

- - - - - - - - - - - - - - - - 'Ade

Torque = _ _ _ _ _ _ _ _ _ _ _ _ /bf In
d) Return the voltage to zero and turn off the power supply.
6. Explain the results of Procedure 3 and 5.

UNCOMPENSTATE0 OPERATION
0 - 2 .S Aa r-

0 - 120

.,~

~v

1. V J

0 - 100
V.1c

Figure 04.5.2. Uncompensated operation
7. Eliminate the compensating coil winding by reconnecting the circuit as shown in
Figure 04.5.3.
8. Do these steps:
a) Set the dynamometer control knob at its full ccw position {to provide a minimum
starting load).
b) Turn on the power supply and adjust for 120Vac.
c) Carefully increase the dynamometer loading to 3 lbf.in of torque.
d) Measure and record the motor current and speed .
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0 - 2 .SAac

0 - 120
at

s~ '

Figure D 4.5.3 Universal Motor
e} Note the sparking at the brushes.

f) Return the voltage to zero and turn off the power supply.

I=

- - - -- - - -Aac

r/min

AC speed=

9. a) Compare the results in step 8(f} with the results from Table 4.4.1 in Laboratory
Experiment No. 4

b} Is the sparking at the brushes worse than in Laboratory Experiment No. 4.4.?

10. Reconnect your circuit for DC operation as shown in Figure D4.5.4.
0

5 Ad c

0 -12 0
V d~

Figure D4.5.4. DC operations

• r

- - -.- - -

•
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11. Repeat Procedure 8 and measure and record the results .

l= _ _ _ _ _ _ _----'Aac

DC speed=

r/min

12. Follow these steps:
a) Compare the results in step 11 with results from table 4.4.2 in Laboratory
Experiment No. 4. 4.

b) Is the sparkling at the brushes worse than in Laboratory Experiment No. 4.4? _ _

INDUCTIVE COMPENSATION
13. Do the following:
a) You will now observe the effect of using inductive compensation while the motor is
operating on AC.
b) Reconnect your circuit for AC operation as shown in Figure D4.5.3. Change the
ammeter scale to 0-8Aac. Short out the compensating coil by connecting a lead directly
across its terminals".
c) Turn on the power supply and adjust for 120Vac.

d) Load the motor to 9 lbf.in torque.
e) Measure and record the motor current, motor speed and developed torque.

I =----------'""'Ade
AC speed =________ r/min

AC Torque =_ _ _ _ _ _ _/bf In
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f} Is the sparking at the brushes about the same as was observed when the motor
was conductively compensated (Laboratory Experiment No. 4.4_ _ _ _ _ _ _ _ _ ?
g) While the motor is operating, remove the short across the compensating coil.

Caution: Hold the shorting lead by the insulated connectors; do not touch the exposed
terminals!

h) Explain what happened.

i) Return the voltage to zero and turn off the power supply.
14. Do these steps:
a} Reconnect your circuit for DC operation as shown in Fig. 4.5.4.
b) Repeat Procedure 13.
I=
DC speed=
DC Torque=

Ade
- - - - - - - - - - - - - - 'r/min

lbf. In

c) Was there any change when the short was removed ? _ _ _ _ _ _ __
15. Does the inductively compensated motor work as well on DC as on AC?
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TEST YOUR KNOWLEDGE

1. Explain the difference between an inductively compensated and a conductively
compensated universal motor.

2. Of the two types of motors mentioned in Question/, which one is the better adapted
to operate on either AC or DC?

3. Explain why a compensating winding is necessary in an AC series motor.

4. Would a universal motor operate better or worse ona2SVz power source compared to
a 60Hz power source?_ _ _ _. Explain. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

5. Name some tools and appliances (other than those previously mentioned) which
contain universal motors.

------------------------
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APPENDIX D PRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

(i) IAB0RATORY EXPERMENT NO. 6
4.7 THREE PHASE TRANSFORMER CONNECTIONS

EMS 8341

Figure D4.6. Transformer EMS 8341
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OBJECT

1. To connect transformers in delta and wye configurations.

2. To study the current and voltage relationships.

DISCUSSION

The three-phase transformer may be a single transformer or three separate singlephase transformers connected in delta or wye. Sometimes only two transformers are used .
Commercial three-phase voltage from the power lines is generally 208 volts, and
the standard values of single-phase voltage (120V} can be supplied from the line as shown
in Figure 4.6.1. The windings a, band c, represent the three wye -connected transformer
secondary(s). The three phase lines are designated A, B and C, and the single -phase
connections are from A, B or C to neutral (ground). Three-phase transformers must be
properly connected to these lines in order to operate. Four of the most widely used
transformer connections (see Figure D 4.6.2) are:

•
120V

208

120V

208V
I

•
208V
C

Figure 04.6.lThree phase transformer
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PRIMARIES

PRIMARIES

SECONDARIES

(b)

SECONOAAIES

- - - - - - - - - - - -- - - - - - - - - - - - - - -:- - - - - - - - - - - - - - - - - - - - - - - - - Y-b:..

PRIMAAIES

( c;)

t::..-Y

I

S£CONOARIES

PRIMAAl£S

(d)

SECONOARIES

Figure D4.6.2 Primaries and secondary's

a) Primary windings in delta, secondary windings in delta, or delta-delta (IJ - IJ)

b) Primary windings in wye, secondary windings in wye, or wye-wye

Primary windings in wye, secondary windings in delta, or wye-delta

(Y-Y) c)

(Y-IJ} d)

Primary windings in delta, secondary windings in wye, ordelta-wye (IJ-Y)

Of these four combinations, the one used most extensively is the last one listed, the deltawye. Regardless of what method of connection is used the windings must be connected in

the proper phase relationships. To determine these in a wye connected secondary, the
voltage is measured across two windings as shown in Figure 4.6.3 (a). The voltage A to B
should be equal to ✓3 times the voltage across either winding. If the voltage is equal to
that across either winding, then one of the windings must be reversed. The third winding
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c is then connected as shown in Figure D4.6.3 (b), and the voltage C to A or B should also
equal -f3 times the voltage across any one winding. If not, the winding c must be reversed.

(b)

Figure D4.6.3. Transformer winding

To determine the proper phase relationships in a delta-connected secondary, the
voltage is measured across two windings as shown in Figure. D4.6.4. The voltage A to C
should equal the voltage across either winding. If not, one of the windings must be
reversed. The winding c is then connected as shown in Figure 4.6.4, and the voltage across
the three windings (C1 & to C) should equal zero. If not, winding c must be reversed. The
open ends ( c1 & to C) are then joined and the transformer has the proper phase
relationships for delta connection as shown in Figure 4.6.4(c).

Caution: The delta should never be closed until a test is first made to determine that the
voltage within the delta is zero. If not, and the delta is closed on itself, the resulting current
will be of short-circuit magnitude, with resulting damage to the transformers.
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The wye-wye connection has the same volts per turn ratio between primary and
secondary windings as that of an individual single-phase transformer. The voltage output
of the delta-delta is also dependent on the turn ratio of the primary and secondary
windings. The delta-wye connection has a higher 3¢ voltage ratio than either the delta-

a

•

·-

~

..I

b

V }-

·c

<~,

h

I

,....

--•

T

~

'
~

Vl

b)

...-

(~'

Figure D 4.6.4. Delta

delta or wye-wye connection . This is because the voltage across any two windings of the
wye secondary is equal to

../3 times the 3¢ primary line voltage. The wye-delta connection

is the opposite of the delta-wye connection.
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INSTRUMENTS AND COMPONENTS

Power Supply Module (0-120/208 V 3cp)

EMS 8821

AC Metering Module (250/250/250V)

EMS8846

Transformer Modules {3) / (1)

EMS 8341/EMS 8348

Connection Leads

LVS/M-EMS software

Data Acquisition & Control Interface (DACI)

https://lvsim.labvolt.com
EMS9063

PROCEDURE
Caution: High voltages are present in this Laboratory Experiment! Do not make any
connections with the power on! The power should be turned off after completing each
individual measurement!

1. a) The circuit shown in Fig. 4.6.0 has three transformers connected in_ _
configuration.

b) Calculate the expected voltages and record the values in the table 4.6.0.

c) Connect the circuit as shown in Figure D4.6.0
d) Turn on the power supply and slowly increase the output for a line-to-line voltage
of 120Vac.

e) Measure the indicated voltages and record the values in the table 4.6.0.
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f) Return the voltage to zero and turn off the power supply. Repeat (d), (e) and (f)
until all of the listed voltages have been measured.

Figure D4.6.0. Winding

PIUN .Al't't' (12OV) WI 01 GS

S£CO

DA,111' (

mw)

I OINCS

Calculations Table. 4.6.0

CALCULATED VALUES
V, £3=

V

E1= __ v, E2= __ v, £3=

V, Es=

V, E6=

V

£4=_V, Es= _ _V, E6= _ _V

V, Ea=

V, £9=

V

E1= _ _V,Ea=

V, £12=

V

Eio=_V, Ell=

£1=

V, £2=

£4=
£7=
£10=

LVSIM-EMS MEASURED VALUES

V,E11=

V

V, £9=_V
V, £12=- -V

Table 4.6.0. Metered

METER MEASURED VALUES

CALCULATED VALUES

£1=
£4=

Er£10=

V, Ez=
V, Es=
V, Ea=
V, £11=

V, E2= __ V, Efa= __V

V, £3=

V

£1=

V, E6=

V

£4=_ _V, Es= _ _V, E6=__ V

V, £9=

V, £12=

E1=_ _V, Ea= _ _V, E<F __V

V

V

E1o=__V,E11= __V, £12=-__V
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Table 4.6.0 DACI Calculations Values

DACI MEASURED VALUES

CALCULATED VALUES

£1=
£4=

E1=
£10=

V, Ez=

V, £3=

V

E1= _ _V, Ez= _ _V,

V, Es=

V, E6=

V

£4= _ _ V, Es= _ _V, E6=- -V

V

E1= _ _V, Ea= _ _V, £9=

V, Ea=
V,E11=

V, £9=
V,

- -V

£12=

V

£3=

- -V

E1o= __ V, En= _ _V,

£12=_ _V

2. Note the following steps:

a) The circuit shown in Fig. 4.6.1 has three transformers connected in a configuration.

b} Calculate the expected voltages and record the values in the table 4.6.1

c) Connect the circuit as shown Figure D4.6.1.

d} Turn on the power supply and slowly increase the output for a line-to-line voltage
of 90Vac.

e) Measure the indicated voltages and record the values in the table 4.6.1.

f) Return the voltage to zero and turn off the power supply. Repeat steps (d), (e) and

(f) until all of the listed voltages have been measured.
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90V

311

PRIMARY (120V) WINDINGS

SECONDARY (120V) WINOINGS

Figure D4.6.1 DELTA to WYE

Table 4.6.1. Delta-Wye configurations (LVSIM-EMS)

CALCULATED VALUES

E1=

V, Ez=

£4=

V, Es=

E1=

V, Ea=

V, £3=
V, E6=
V, £9=

LVSIM-EMS MEASURED VALUES

V

E1=_ _ v, Ei= _ _ v, £3=
-

V

£ 4= __ V, Es= _ _V, E6=
- -V

V

E1=_ _V, Ea= _ _V, £9=
- -V

V

Table 4.6.1. Delta-Wye configurations (meter)

METER MEASURED VALUES

CALCULATED VALUES

E1=

V, Ez=

£4=

V, Es=

£7=

V, Ea=

V, £3=
V, E6=

V, £9=

V

E1=_ _V, Ez=_V, £ 3=_ _ V

V

£ 4=_ _ V, Es=_ _ V, E6=

V

E1=_ _V, Ea=_ _V, £9=__ V

-

V
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Table 4.6.1. Delta -Wye configurations (DACI)

DACI MEASURED VALUES

CALCULATED VALUES

E1=

V, Ez=
V, Es=

£4=
£7=

3.

V, Es=

V

E1= _ _V, Ez= _ _V, £3=- -V

V, E6=- -V

£4= _ _V,Es= _ _V, E6= _ _V

V, £3=

V, £9=

V

E1= _ _V, Ea= _ _V, £9=
- -V

Note the following steps:

a) The circuit shown in Figure D4.6.2 has three transformers connected in a
configuration .

b) Calculate the expected voltages and record the values in the spaces provided.

c} Connect the circuit as shown . Open the delta connected secondary at point "A"
and place a voltmeter across the opened loop.

d} Turn on the power supply and slowly increase the output voltage. The
voltmeter across the open delta, at point "A", should not indicate any appreciable
voltage if your delta connections are phased properly. Some small voltage will be
present because the normal 3¢ supply does not have all 3¢ voltages equal and
the three transformers also have small differences.
e) Return the voltage to zero and turn off the power supply.

f} Remove the voltmeter and dose the delta loop at point "A".
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g) Turn on the power supply and slowly increase the output for a line-to-line
voltage of 120Vac.
h) Measure the indicated voltages and record the values in the table 4.6.2 .
i) Return the voltage to zero and turn off the power supply. Repeat {g), {h) and (i)
until all of the listed voltages have been measured.

120V

3 ,,

PRIMARY (120V) WINDINGS

SECONOARY(120V) WINDINGS

Figure D4.6.2. Primary and secondary winding

Table 4.6.2. LVSIM-SIM

CALCULATED VALUES

E1=
£4=

E1=

V, E2=
V, Es=

V, Es=

V, E3=
V, E6=
V, Eg=

LVSIM-EMS MEASURED VALUES

V

E1=_ _V, Ez=_ _V, E3= - -V

V

E4= __ V, Es= _ _ V, E6=- -V

V

E1= _ _V,Ea=_ _V, £9=
- -V

Table 4.6.2. LVSIM -SIM
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CALCULATED VALUES

Ei=
£4=
£7=

V, £2=
V, Es=
V,Ea=

METER MEASURED VALUES

V, £3=

V

E1= _ _v, E2= __ v, £3=_ _V

V, E6=

V

£4= _ _ V, Es= _ _V, E6=
- -V

V, £9=

V

E1= __ V, Ea= __V, £9=_ _V

Table 4.6.2. DACI

CALCULATED VALUES

£1=
£4=
£7=

V, £2=
V, Es=
V, Ea=

DACI MEASURED VALUES

V, £3=

V

V, E6=

V

V, £9=

V

__V, __V,
__V, Es=__V,
£1=__V, Ea=
V
Ei=

E2=

£3=

E6=

V

- - ' £9=

V

E4=

4. a) The circuit shown in Fig. 04.6.3 has three transformers connected in a_ __
configuration.

b) Calculate the expected voltages and record the values in the table 4.6.3.

c) Connect the circuit as shown. Open the delta connected secondary at point "A"
and place a voltmeter across the opened delta.

d) Turn on the power supply slowly increase the output voltage. The voltmeter
across the open delta, at point "A" should not indicate any appreciable voltage if the
delta connections are phased properly.

V
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e) Return the voltage to zero and turn off the power supply.

f) Remove the voltmeter and close the delta loop at point "A".

g) Turn on the power supply and slowly increase the output for a line-to-line
voltage of 120Vac.

h) Measure the indicated voltages and record the values in the spaces provided .

i) Return the voltage to zero and turn off the power supply. Repeat (g), {h) and {i)
until all of the listed voltages have been measured.

PRIMARY (UOY) WINDINGS

SECONOARV (l20V) WINOINGS

Figure D4.6.3 Primary and secondary winding

Table 4.6.2. LVSIM-SIM

CALCULATED VALUES

E1=
£4=

V, E2=

V, Es=

LVSIM-EMS MEASURED VALUES

V, £3=

V

E1=_ _ V, E2= _ _ V, £3=- -V

V, E6=

V

EF__ v, Es=_ _ v, E6=
- -V
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Table 4.6.2. Meter

CALCULATED VALUES

Ei=
£4=

5.

V, Ez=

V,

£3=

V, E6=

V, Es=

METER MEASURED VALUES

V
V

E1=_ _ V,E2=__V,

£3=_ _ V

£4= _ _ V, Es= _ _V, E6=

- -V

a) The circuit shown in Figure D4.6.4 has two transformers connected in an open delta configuration.

b) Calculate the expected voltages and record the values in the table 4.6.4.

c) Connect the circuit as shown.

Table 4.6.2. DACI

CALCULATED VALUES
£1=

V, Ez=

£4=

V, Es=

V, £3=
V, £6=

DACI MEASURED VALUES

V

V

E1=_ _ V, Ez= _

V

E4= _ _ v, Es= _ _v, £5=_ _V

_ V, £3=

d) Turn on the power supply and slowly increase the output for a line-to-line
voltage of 120Vac.

e) Measure the indicated voltages and record the values in the spaces provided.
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f) Return the voltage to zero and turn off the power supply. Repeat (d), (e) and (f)
until all of the listed voltages have been measured.

PRIMARY (120V)WINDINGS

SECONDARY ( 120V) WINDINGS

Figure D4.6.4 Delta to Delta Configuration

Table 4.6.4 LVSIM -EMS

CALCULATED VALUES
£1=
£4=

V, E2=

V, Es=

LVSIM-EMS MEASURED VALUES

V, £3=

V

E1= _ _V, E2= _ _V, EJ=
- -V

V, E6=

V

£4= _ _V, Es= _ _ V, E6= _ _V

Table 4.6.4 Measure

CALCULATED VALUES

METER MEASURED VALUES

Ei=

V, Ei=

V, £3=

V

Ei= _ _V, Ez= __V, £3=_ _V

£4=

V, Es=

V, E6=

V

£4=_ _ V, Es= _ _V, E6=
- -V
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Table 4.6.4 DACI

CALCULATED VALUES

DACI MEASURED VALUES

£1=

V, E2=

V, £3=

V

E1= __v, E2= _ _v, £3=
- -V

£4=

V, Es=

V, E6=

V

£4=__ V, Es= _ _V, E6=
- -V
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TEST YOUR KNOWLEDGE

1. Compare the results of procedures 4 and 5.

a) Is there a voltage difference in a delta-delta vs open -delta configuration?

b) Is the VA rating of the delta-delta configuration the same as for the open -delta
configuration?

2. If each transformer has a capacity of 60kVA what's total 3f power can be obtained in
each of the five types of configurations?
a) wye-wye

- - - - - -- - - - -=- - - - - - - - - - - - - - - - - -kVA
b)wye-delta

- - - - - - - - - - - - - - - -=- - - - - - - - - - - - - -kVa
c) delta-wye

- - - - - - - - - -=- - - - - - - - - - - - - - - - - - -KVa
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d) open-delta

- - - - - - - - - - -=- - - - - - - - - - - - - - - - - -kVA
e) open-delta

- - - - - - - - - -=- - - - - - - - - - - - - - - - - - - kVA
3. If one of the secondary winding polarities were reversed, in Procedure 1:

a) Would there be a dead short? _ _ _ __

b) Would the transformer heat up? _ _ __

c) Would the primary voltages become unbalanced? _ _ _ _ __

d) Would the secondary voltages become unbalanced? _ _ _ __

4. If one of the secondary winding polarities were reversed in Procedure 4:

a) Would there be a dead short? _ _ _ __

b) Would the transformer heat up? _ _ __

c} Would the primary voltages become unbalanced? _ _ _ __

d) Would the secondary voltages become unbalanced? _ _ __
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APPENDIX D PRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

Q IABORATORY EXPERMENT NO. 7
4.8 THE DC SELF-EXCITED SHUNT GENERATOR

EMS 8211

EMS 8211
Figure D4.7 DC Motor Generator Module 8211
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OBJECT
1. To study the properties of the self-excited DC shunt generator under no-load and
full-load conditions.
2. To learn how to connect the self-excited generator.

3. To obtain the armature voltage vs armature current load curve of the generator.
DISCUSSION
The separately excited generator (Laboratory Experiment No. 6) has many applications.
However, it does have the disadvantage that a separate direct current power source is
needed to excite the shunt field. This is costly and sometimes inconvenient, and the selfexcited de generator is often more suitable.

In a self-excited generator, the field winding is connected to the generator output. It
may be connected across the output, in series with the output or a combination of the two.
The way in which the field is connected (shunt, series or compound) determines many of the
generator's characteristics.

All of the above generators can have identical construction. Self-excitation is possible
because of the residual magnetism in the stator pole pieces. As the armature rotates a
small voltage is induced across its windings. When the field winding is connected in parallel
(shunt) with the armature, a small field current will flow. If this small field current is flowing
in the proper direction, the residual magnetism will be reinforced which further increases
the armature voltage and, thus, a rapid voltage buildup occurs. If the field current flows in
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the wrong direction, the residual magnetism will be reduced and voltage build-up cannot
occur. In this case, interchanging the shunt field leads will correct the situation. It is the
purpose of this Laboratory Experiment to show these major points.

INSTRUMENTS AND COMPONENTS

Power Supply Module {1201208V, 30, 120vdc, 0-120Vdc)

EMS8821

DC Metering Module (200V, 2.SA)

EMS 8412

AC Metering Module (2.512.512.SA)

EMS 8425

DC Motor/Generator Module

EMS 8211

Synchronous Motor/Generator Module

EMS 8241

Resistance Module

EMS 8311

Connection Leads

Timing Belt

LVS/M-EMS software
Data Acquisition & Control Interface (DACI}

https://lvsim. labvolt.com

EMS 9063
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PROCEDURE

1. Because of its constant running speed, the synchronous motor will be used to
mechanically drive the de generator.. Using your EMS Power Supply, AC Metering

and Synchronous Motor Modules, connect the circuit shown in Figure D 4.7.0.

Figure D 4.7.0. Synchronous motor

DO NOT APPLY POWER AT THIS TIME!

2. Terminals 1, 2, and 3 on the power supply provide fixed three-phase power for the
three stator windings. (Three-phase power will be covered in later Laboratory
experiments). Terminals 8 and Non the power supply provide fixed de power for the
rotor winding. Set the rheostat control knob to its proper position for normal
excitation (See APPENDIX B)
3. Do the following:
a) Using your EMS DC Motor/Generator, DC Metering and Resistance Modules,
connect the circuit shown in Figure 04.7.1.
b) Couple the synchronous motor and the de generator with the timing belt.
c) Turn the de generator field rheostat control knob full CW for minimum resistance.
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d) Make sure the brushes are in their neutral position.
e} Place the resistance switches for no-load (all switches open).

Figure D4.7.1 EMS DC motor generator

Caution: The switch in the excitation circuit of the synchronous motor should be
closed (up position) only when the motor is running.
4. Note these next steps:
a) Turn on the power supply. The synchronous motor should start running.

b) If the synchronous motor has switch S, close it at this time.
c) Note if voltage Ea builds up. _ _ _ __ _ _ _ __

d} If not, supply and interchange the shunt field leads at terminals 5 and 6.

e) Measure the open circuit armatu re voltage . Ea =_ _ _ _ _ _ _ _Vdc

5. Vary the field rheostat and notice if the armature voltageEa, changes. _ _ _ Explain.

6. a) Place the resistance switches so that the total load resistance is 120 ohms. Adjust
the field rheostat until the generator is delivering an output voltage of 120Vdc. The
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ammeter I A, should indicate 1 Ade (See Appendix Cfor Resistance)
b) This is the correct setting of the field rheostat control for the rated power
output (120V x lA = 120W) of the de generator.

Oo not touch the field rheostat control for the remainder of the laboratory
Experiment!

7. Follow the next steps:

a) Adjust the load resistance to obtain each of the values listed in Table 4.7.0.

b) Measure and record EA and IAfor each of the resistance values listed in the Table
4.7.0.

NOTE: Although t he nominal output current rating of the generator is lAdc, it
may be loaded up to 1.SAdc {50% overload) without harm.

c) Turn off the power supply.

d) Calculate and record the power for each of the resistances shown in Table 4.7.0

8. Follow the next step:

a) Reverse the rotation of the driving motor by interchanging any two of the stator
lead connections (terminals 1, 2, or 3) to the synchronous motor.
b) Remove the generator load by opening al l of the resistance switches.
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c) Turn on the power supply.
d) Does the generator voltage build up? _ _ _ _ _ _ . Explain.

e) Turn off the power supply.

Table 4.70. LVSIM-EMS meter

Rt

IA

EA

POWER

Rt

IA

EA

POWER

(ohms)

(amps)

(volts)

(WATTS)

(ohms)

(amps)

(volts)

(WATTS)

00

00

600

600

300

300

200

200

150

150

120

120

100

100

80

80

75

75
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Table 4.7.0. DACI

Rt

IA

EA

POWER

(ohms)

(amps)

(volts)

(WATTS)

00

600

300
200
150
120
100

80
75
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TEST YOUR KNOWLEDGE

1. If a self-excited generator has lost all of its res idual magnetism, can it build up an
output voltage?

2. How would you get a generator to work after it had lost all of its residual magnetism?

3. Does a generator slowly lose its res idual magnetism with t ime? _ _ _ _ __ __

4. Plot the EA vs IA, regulation curve on the graph of Figure D4.7.1.

140
130

....

;120

•

>
-110
C

IOI

100

IO

0

1.0

0 .5

•• ( amp•)

Figure D4.7.1. EA vs IARegulation curve

u
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5. Calculate the regulation from no-l oad to full load {1.0 Ade)

regulations= _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _%

6. Compare the regulation of the self-excited generator with the regulation of the
separately excited generator (laboratory Experiment No. 27

7. Explain why one of the generators has better regulation than the other. _ _ _ _ __
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APPENDIX D PRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

(i) IAB0RATORY EXPERMENT NO. 8
4.9 THE THREE- PHASE ALTERNATOR

EMS 8241

EMS 8221

Figure 04.8 EMS Model Number
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OBJECT
1. To obtain the no load saturation curve of the alternator.
2. To obtain the short-circuit characteristics of the alternator.

DISCUSSION
The terms alternating current generator, synchronous generator, synchronous alternator,
and alternator are commonly used interchangeably in engineering literature. Because
synchronous generators are so much more commonly used than induction generators, the
term alternator, as often used, and as used here, applies only to synchronous generators.
Alternators are, by far, the most important source of electric energy. Alternators
generate an ac voltage whose frequency depends entirely upon the speed of rotation. The
generated voltage value depends upon the speed, the de field excitation and the power
factor of the load.
As the de field excitation of an alternator is increased, its speed being held constant,
the magnetic flux, and hence, the output voltage will also increase in direct proportion to
the current. However, with progressive increases in de field current, the flux will eventually
reach a high enough value to saturate the iron in the alternator.
Saturation in the iron means that there will be a smaller increase in flux for a given
increase in de field current. Because the generated voltage is directly related to the
magnetic flux intensity, it can be used as a measure of the degree of saturation.
The three phases of the alternator are mechanically spaced at equal intervals from
each other, and, therefore, the respective generated voltages are not in phase but are
displaced from each other by 120 electrical degrees. When an alternator delivering full
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rated output voltage is suddenly subjected to a short circuit, very large currents will initially
flow. However, these large short-circuit currents drop off rapidly to safe values if the shortcircuit is maintained.
INSTRUMENTS AND COMPONENTS
Synchronous Motor/Generator Module

EMS 8241

Squirrel Cage Induction Motor Module

EMS 8221

Synchronizing Switch Module

EMS 8621

Power Supply Module (120/208V 3¢, 0-120Vdc)

EMS 8821

AC Metering Module (250/250/250V}

EMS 8426

AC Metering Module (2.5/25A}

EMS 8425

DC Metering Module (0.5 / 2.SA)

EMS 8412

Connection Leads
Timing Belt
LVSIM-EMS software

Data Acquisition & Control Interface {DACI)

https://lvsim. labvolt.com

EMS 9063

PROCEDURE
Caution: High voltages are present in this Laboratory Experiment! Do not make any
connections with the power on! The power should be turned off after completing each
individual measurement!

190

1. Using your EMS Synchronous Motor/Generator, Squirrel Cage Motor, Power Supply
and Metering Modules, connect the circuit shown in Figure 04.8.0. The squirrel cage
motor will be used to drive the synchronous motor/generator as an alternator. Its
speed wi ll be assumed constant during this Laboratory Experiment. Note that the
squirrel cage motor is connected to the fixed 208V 3¢ output of the power supply,
terminals 1, 2 and -3. The rotor of the alternator is connected to the variable 0120Vdc output of the power supply, terminals 7 and N.
2. Do the following:

a) Couple t he squirrel cage motor to the alternator with the timing belt.

b) Set the alternator field rheostat at its full CW position (for zero resistance).
Open Switch S.

c) Set the power supply voltage control at its full CCW position (for zero de
voltage)
0- 250Y1c

SQUIRREL CAC.E
INDUCTION MOTOR

01

SYNCHRONO US
GENERATOR

0
I,

m------- - - --1 A- - - -------0-1 OVdc

0 - 2 .5Adc

Figure 04.8.0. Synchronous motor generator, squirrel cage motor
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3. a} Turn on the power supply. The motor should be running.
b) With zero de excitation measure and record £ 1, £2 and £3 (use the lowest
ranges of the voltmeters}.

£ 1 =_

_____

Vac, E2

=_______Vac, £3

- _ _ _ _ _ Vac

c) Explain why there is an ac voltage generated in the absence of de excitation.

4. a) If the motor has switch S, close it at this time.
b) Gradually increase the de excitation from zero to 0.lAdc.
c) Measure and record in Table 4.8.0 (three generated voltages} £ 1, £2 and £3.
d) Repeat (b) for each of the de currents listed in Table 4.8.0
e) Return the voltage to zero and turn off the power supp ly.
5. Calculate and record in Table 4.8.0 the average output voltage of the alternator for
each of the listed de currents.
6. Follow these steps:
a)Turn on the power supply and adjust the de excitation until £1 = 208Vac
Measure and record £ 2 andE3.

£1

= 208Vac, E2 =____ Vac, £ 3

_ _ _ _Vac
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b) Turn off the power supply without touching the voltage adjust control.
c) Reconnect the three ac voltmeters so they will measure the voltages across
each of the three stator windings.
Table D4.8.0. LVSIM-EMS

Ii(amps)

E1(volts)

E2(amps)

£3(volts)

Eat(avg.)

DC (0120)

0
0.1
0.2
0.3
0.4
0.5
0.6

0.7
0.8
0.9
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Table D4.8.0. Meter

Ii(amps)
0
0.1
0.2
0.3

0.4
0.5
0.6

0.7
0.8

0.9

E1(volts)

E2(amps)

£3(volts)

Ea,(avg.)

DC(0-120)
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Table 4.8.0. DAC!

li(amps)

E1(volts)

E2(amps)

£ 3(vol ts )

Ent(avg. )

DC(0-120)

0

0.1
0.2

0.3
0.4
0.5
0.6
0. 7

0.8
0.9

d} Turn on the power supply. Measure and record the generated voltages across
each of the wye connected stator windings.
E 1ta4

= ______ Vac, E 2toS =_____Vac,
E 3to6

=_____ Vac

e) Return the voltage to zero and turn off the power supply.
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f) Compare the results of (a) and (d) . Do the results correspond to what
you would expect to find coming from a normal three-phase power supply?

7. Using your EMS Synchronizing Switch, connect the circuitshown in Fig. D4.8.1 .
Note that the switch is wired to present a dead short across the alternator windings
when it is closed.

8. a) Set the synchronizing switch to its open position .
b) Turn on the power supply and adjust the de excitation until E, = 208Vac.
The motor should be running and the three lamps on the synchronizing module
should be illuminated .
c) Measure and record the de exciting current / 1

.

--------------Ade

/1 =

SQUIRREL CAGE
INDUCTION MOTOR

t$lo--~
208V
~(D---,

0

0 - 120Vdc

Figure D4.8.1 EMS Synchronizing circuit

dicfiol

TOO 0

0 - 2 .5Adc

SYNCHRO OUS
GENERATOR
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d} Apply a short-circuit to your alternator by closing the synchronizing switch and
note the behavior of the ac current Ji.

e) To what approximate peak value, did / 2 increase?

=______________ Aac

Ii

f) What is the fin al steady-state value of / 1 and Iz?

h = _________Adc,li = ________Aac
g) Return the voltage to zero and turn off the power supply.
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TEST YOUR KNOWLEDGE
1. Do the following:
a) Plot your recorded average voltage values vs de current values from Table D4.8.0
on the graph of Figure D4.8.2.
b) Draw a smooth curve through your plotted points.
c) Up to what voltage is the curve a reasonably straight line? _ _ _ _ _ _ _ __
d) Where would you say is the knee of the saturation curve? - - - - - - - -

Voe
e) Explain why the voltages increases less rapidly as the de current increases.

2.

Comment on the reasons for not operating an alternator near the knee of its

saturation curve.

3. An alternator is much less likely to burn out on a sustained short-circuit than a
separately excited de shunt generator. Explain

198

199

APPENDIX D PRACTICAL vs SIMULATIONS RESULTS AND DISCUSSION DATA

Q LABORATORY EXPERMENT NO. 9
4.10 THE SQUIRREL-CAGE INDUCTION MOTOR

EMS 8221

Figure D4.9. Squirrel Cage Induction Motor EMS 8221
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OBJECT

1. To examine the construction of the three phase squirrel cage motor.

2. To determine the motor starting, no load and full load characteristics.

DISCUSSION

The simplest and most widely-used rotor for induction motors is the so-called squirrel cage
rotor from which the squirrel cage induction motor gets its name. The squirrel cage rotor
consists of a laminated iron core which is slotted lengthwise around its periphery. Solid
bars of copper or aluminum are tightly pressed or embedded into the rotor slots. At both
ends of the rotor, short-circuiting rings are welded or brazed to the bars to make a solid
structure.

The short-circuited bars, because of their resistance is much less than the core. The bars
do not have to be specially insulated from the core. In some rotors the bars and end rings
are cast as a single integral structure for placement on the core. The short circuiting
elements actually form shorted turns that have high currents induced in them by the stator
field flux.

Compared to the intricately wound and arranged wound rotor or the armature of
the DC motor, the squirrel cage rotor is relatively simple. It is easy to manufacture and is
essentially trouble free in actual service.
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In an assembled squirrel cage induction motor, the periphery of the rotor is
separated from the stator by a very small air gap. The width of this air gap, in fact, is as
small as mechanical clearance needs will permit. This ensures that the strongest possible
electromagnetic induction action will take place.

When power is applied to the stator of a practical induction motor, a rotating
magnetic field is created by any one of the means you learned earlier. As the field begins
to revolve, its flux lines cut the shorted turns embedded around the surface of the squirrel
cage rotor and generate voltages in them by electromagnetic induction. Because these
turns are short-circuits with very low resistance, the induced voltages cause high currents
to circulate in the rotor bars. The circulating rotor currents then produce their own strong
magnetic fields. These local rotor flux fields produce their own magnetic poles, which are
attracted to the rotating field. Thus, the rotor revolves with the main field.
The starting torque of the basic squirrel cage induction motor is low because at rest
the rotor has a relatively large inductive reactance (Xi) with respect to its resistance {R).
Under these conditions it is expected that the rotor current will lag rotor voltage by 90
degrees. Thus it said that the power factor in the circuit is low. This means that the motor
is inefficient as a load and cannot derive really useful energy for its operation from the
power source.
Despite the inefficiency, torque is developed and the motor begins to turn. As it
starts turning, the difference in speed between rotor and rotating field, or slip, goes from
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a maximum of 100 percent to some intermediate value, say SO percent. As the slip
decreases in this manner, the frequency of the voltages induced in the rotor decreases
because the rotating field cuts conductors at a decreased rate; this, in turn, causes the
overall inductive reactance in the circuit to decrease. As inductive reactance decreases,
the power factor begins to increase. This improvement is reflected as an increase in torque
and a subsequent increase in speed. When the slip drops to some value between 2 and 10
percent, the motor speed stabilizes. This stabilization occurs because every tendency for
the motor speed to increase to where slip will drop below 2 percent is naturally offset by
the fact that as the rotor approaches within 2 percent of the synchronous speed, the
effects of reduced induction overcome the previous tendency to increase torque as the
motor is speeded up from start. Thus, the motor exhibits an automatic speed control
characteristic similar to that of the DC shunt motor.

INSTRUMENTS AND COMPONENTS

Squirrel Cage Induction Motor Module

EMS 8221

Electrodynamometer Module

EMS8911

Three-Phase Wattmeter Module

EMS 8441

Power Supply Module (0-120 / 208V 3A)

EMS 8821

AC Metering Module (250V)

EMS 8426

AC Metering Module (2.5 /2.5 / 2.5 / 8A}

EMS 8425
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LVSIM-EMS software

https://lvsim.labvolt.com

Data Acquisition & Control Interface (DACI)

EMS9063

Hand Tachometer

EMS 8920

Connection Leads

Timing Belt

PROCEDURE

Caution: High voltages are present in this Laboratory Experiment! Do not make any
connections with the power on! The power should be turn off after completing each
individual measurement!

1. Examine the construction of the Squirrel Cage Induction Motor Module EMS8221,
paying particular attention to the motor, connection terminals and the wiring.

2. Do the following:
a) Identify the stator windings. Note that they consist of many turns of small diameter
wire evenly spaced around the stator. (The stator windings are identical to that of the
wound rotor induction motor).

b) Identify the cooling fan .

c) Identify the end rings of the squirrel cage rotor.

d) Note the length of the air gap between the stator and the rotor.
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e) Is there any electrical connection between the rotor and any other part of the
motor?

3. Viewing the front face of module:

a) The three separate stator windings are connected terminals._ _ _ _ _ _ and

- - - - -and- - - - - - - - - '·- - - - - - and- - - - - - - - b) What is the rated current of the stator winding? _ _ _ _ _ _ _ _ _ _ __
c) What is the rated voltage of the stator windings? _ _ _ _ _ _ _ _ _ __

d) What is rated speed and horsepower of the motor?

r/min = - - - - - - - - - - hp=

4. Using your EMS Squirrel Cage Motor, Electrodynamometer, Three Phase Wattmeter,
Power Supply and AC metering Modules, connect the circuit shown in Figure D4.9.0. Do
not couple the motor to the dynamometer at this time. Note that the stator windings are
wye connected through the wattmeter to the variable 3¢ output of the power supply,
terminals 4, 5 and 6.
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Figure D4.9.0. EMS Squirrel cage motor electrodynamometer
5. Do the following:
a} Turn on the power supply and adjust E1to 208Vac. The motor should be running.
b) Measure and record in Table 4.9.3, the three line currents, the two wattmeter
indications, and the motor speed.

c} Return the voltage to zero and turn off the power supply.

6. Follow these steps:

a) Couple the motor to the electrodynamometer with the timing belt.

b) Set the dynamometer control knob at its full CCW position.

c} Repeat Procedure 5 for each of the torques listed in Table D4.9.4, maintaining the
input voltage at 208Vac.

d) Return the voltage to zero and turn off the power supply.

206

SQUIRREL· CAGE
INDUCTION MOTOR .

ELECTROOYNAMOMETER

0
120Vo1c
N

Figure D4.9.1 EMS Squirrel cage motor electrodynamometer

7. Do these steps:

a) Connect the circuit shown in Figure D4.9.1. Note that the fixed 3¢> output of
the power supply, terminals 1, 2 and 3 is now being used .

b) Set the dynamometer control knob at its full CW position (to provide a
maximum starting load for the motor).

8. Do the following:

a) Turn on the power supply and quickly measure£ 1, hand the developed
starting torque.

£1 =_ _ _ _ _ _ Voe, h =_ _ _ _ _ _ _.....;Aac, starting torque =_ _ _Jbf in
b) Calculate the apparent power to the motor at starting torque apparent power.

apparent power = _ _ _ _ _ _ _ _ VA
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Table 04.9.3. Torque results

TORQUE

11

(lbf-in)

(amps)

/2
(amps)

'3
(amps)

W1
(amps)

Wz
(amps)

SPEED
(r I min)

LVSIM-EMS: 0
Meter: 0
DACl:O

TORQUE
(lbf-in)

0

3
6

9

12

11

lz

(amps)

(amps)

'3
(amps)

W1
(amps)

Wz
(amps)

SPEED
(r / min)
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Table 84.94 (LVSIM-EMS)

TORQUE
(lbf-in)

Ii

lz

{amps)

{amps)

/3

(amps)

W1
(amps)

Wz
(amps)

SPEED
{r / min)

0
3

6
9

12

Table D4.9.4 (DACI)

TORQUE
(lbf-in)
0

3
6
9

12

/1

lz

(amps}

(amps)

/3

(amps)

Wt
(amps)

Wz
(amps)

SPEED
(r / min)
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TEST YOUR KNOWLEDGE

1. Using the results of Table D4.9.4, calculate no load characteristics of the squirrel cage
motor.

a) average current _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

- - - - - - - - - - - - - - - -=- - - - - - - - - - - - - -Aac
b) apparent power _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

=
VA
------------------------------c) real power _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

- - - - - - - - - - - - - - -=- - - - - - - - - - - - - - - w
d) reactive power _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

- - - - - - - - - - -- -- -=- - - -- - -- - - - - - - -var

210

e) Power factor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = _ _ _ _ _ _ _ _ _ _ _ _ __

f) efficiency _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

=
3. Using the results of Procedure 7 and Table 4.9.4, make the following ratio calculations
(use the 9 lbf.in characteristics as the full load values).

a) starting current to full load

b) starting torque to full load torque

c) full load current to no load comment
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4.

The squirrel cage motor induction motor is one of the most reliable machines

used in industry. Explain

5. If the power line frequency was 50 Hz:
a) at what speed would the motor run ?

-----------------

=

b) would the exciting current increase, decrease or remain the same?
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APPENDIX E FORMUlAS
https:ljwww.groschopp.com/resources/stp-ca !cu lator/
SPEED (RPM) x TORQUE (FT LB)
POWER (HPJ "' - -- -- - -- 5252.11 ...

1 pound-force inch [!bf.in]= 0.112984833333333 newton meter [N·m]
1 horse power = W /7 46
HP= RPM* Torque/ 5252
HP= Torque (lb-in) * Speed in rpm/63025
HP= Torque (lb-ft) * Speed in RPM/ 5252
HP = Torque(Nm)

* Speed in RPM/ 9550

3 lbf-in to 0.3389545

7.71547

6 lbf-in to 0.677909

7.00846

9 lbf-in to 1.0168635

3.42852 hp =.291597 0.291349

1 hp

745.699872 W746 Watts
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APPENDIX F: THE SYNCHRONOUS MOTOR RHEOSTAT CONTROL KNOB SETTINGS

1. a) The motor is supplied with de current only when switch Sis closed. Insure that
switch S is open
(down position).
b) Turn on the power supply. The motor should start running immediately.
c) Note the indications on the three current meters.
d) Close switch S.
2. a) Vary the rheostat control for minimum stator current as indicated by the three
current
meters.
The control knob should be close to its full CCW position.)
b) Measure and record the three stator winding currents, (at minimum stator
current).

Ji·- - -A
c) Increase the rotor de excitation by adjusting the rheostat for minimum resistance
(control knob turned fully clockwise CW).

d) Measure the three stator winding currents (at maximum rotor de excitation).

lz._ _ _A /3,_ _ _

3. Reduce the de excitation until the stator currents are at their minimum values.
Note and re • cord the position of the rheostat control knob.
(In all future Procedures using the synchronous motor, the control knob should be
set to this position for normal excitation).
Control knob scale position = _ _ _ _ __
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Appendix G

Two Wattmeter Method

LI

L2

L3

!1

12

t----+-~ .--- - - . J \

13

i - - - - - - t - - - 1 - - -- - -- - ' \

.

A three-wire, three-phase circuit is simply a three-phase circuit with three line
conductors but no neutral conductor. Three-wire, three-phase circuits are used
commonly because they allow three-phase power to be conveyed using three conductors
instead of four conductors. This makes three-wire, three-phase circuits more economical
than four-wire, three-phase circuits .
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